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'v  i«  3  pleasure  to  transniit  to  you  thia  report,  ’'Temperature 
i-r'i.Cfore..  -»|2  ir^  iiirvapd  Korost  and  their  Significance,"  by  Colonel 
Herbert-  H.  QKC„  ’D/iis  report,  la  based  on  one  of  the  first  field 

studiob  of  i.  ■,.■'41  cli.mste  sponsored  by  the  i2^ua.rtfirmasbar  Corps.  The 
report  provids'i'  '’•\uc!',  J-nfor.mtion  conceirT^ing  ciivorsity  of  environjnent.xl 
eonditiono  In  a  a.  of  Kwimid  continental  clinuite  with  sevei-o  vrinters, 

a  tj^'p.?  of  cliirate  en  by  our  troops  in  many  part.8  of  the  world. 

It  ia  the  third  aivi  coiiiprehennive  report  in  a  »6rief3  dealing 

asji^cts  of  microcliftiatol*,  in  diverse  en;viron,m«nt3.  ’>ater  nd.croclii.5atic 
studies  conducted  under  tiv,.'  'auspices  of  the  Quarbomiasber  Corps  are  pro- 
'sri'ding  B,  wealth  of  rjetaile-d  i>  ''formation  concerning  enrironreental  condi- 
ticns  In  5ubpo.Uar,  Jidddle-latitu  -iesart,,  rainy  tropical,  and  mow)- 
tai.nou8  rsgtondo  and  ar®  shewing  t  ^(^rQlatiorianip  betwaan  the  local 
climates  and  the  associated  ground  vegetation  conditions?. 


The  r*athor  of  this  report,  who.  ia  at  t^xosent  Corps  Quartermaster, 
First  Corps  (Group),  Kcrsa,  served  in  the  k  Mronmental  Protection 
Rosaarch  rJivigion  of  this  Command  on  two  sepa,.'‘^te  tours  of  duty  after 
completing  his  gradua,te  study.  Gu-'ing  those  tovlNi  of  duty  he  helped  to 
S'uper’.do®  the  active  envi.rormentai  research  progra  \of  tkat  divioion. 
k  namb»3r  of  othi^r  officer-scientists  trained  under  ^  -Niiy  auepicea  hav'e 
b«j;en  tjr  a.t'e  now  similarly  assigned  to  the  research  dis  "'^riiono  of  tJiis 
Goirmftand.  flieir  tot-al  Go;itribution  to  imy  rese-arch  has  ibs'cn  si^iificaJUt , 
and  fully  ..justifies  a  vigorous  I'joj.icy  of  sf^ecial  graduatb '  ''«3tieritific 
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FOkHWORD 


The  complex  lUture  of  modern  warfare  ha»  made  it  increaaii^ly  necessary  for  niiiitni'y 
planners  to  consider  the  nature  of  the  environments  in  which  wnr  must  ne  waged,  and  to  corisii'cr 
the  nature  of  the.  men  called  upon  to  wage  such  warfare,  li  a  field  coirimander  can  know  u-, 
advance  weather  and  ground  conditions,  and  the  capahi litics  of  his  men  anti  weaponm,  he  wUl  lx: 
in  a  much  better  position  to  plan  hie  operation  than  without  such  vital  information.  In  tbene  tiayf< 
when  much  highly  specialized  equipmen.:  is  used  by  military  forces  and  when  a'eayx>ns,  before 
firing,  must  be  carefully  adjusted  according  to  temperature,  wind,  humidity,  and  other  ambient 
conditions,  it  is  essential  tbut  the  commander  have  knowledge  of  the  weather  at  the  weapon  ssie 
itself.  Military  hi.story  iu  full  of  examples  of  opportunities  lost  ond  defeats  mistained  by  field 
commanders  who  ignoi’cd  or  misjudged  cin'ironmcntal  conditions  in  their  area  of  operations. 
Plainly  observable  or  foreseeable  differerices  or  changes  in  such  cnvircrnmental  conditions 
sufficiently  advantageous  or  di9advatua(;ziy  .o  asnure  victory  o;  to  impose  dcfciu  were  over, 
looked  until  too  late. 

The  Ceartermastcr  Corps,  Ixcausi;  of  its  critically  important  misnioo  cf  as.suririg  that 
the  fighting  man  is  adequately  and  properly  fed,  clothed,  and  equipped  for  maximum  efficiency 
in  the  field  in  any  kind  of  environment,  h.as  for  many  years  conducted  a  varied  .and  far-reaching 
prograrri  in  environmental  protection  research.  Within  this  broad  program  a  contdder'iblc  effort 
has  understandably  been  devoted  to  ciiinntic  rc.se.arch,  particularly  to  the  riimati  near  the 
ground,  or  "the  climate  of  the  soldier**.  Ihe  proilucts  of  this  .'esc, arch  have  been  wide.y  applic¬ 
able  to  military  planning  in  many  scrvice.s  and  to  m.-<ny  civilian  scientific  studies  aa  well.  Ihe 
Ouartermabter  Corps  has  been  assigned  A;iny-wide  cognizance  fur  "Applied  l,;vivironntco.t.i  1 
Research"  and  has  played  un  important  role  in  the  responHibil iiy  for  planning  and  conducting 
Defense  Department  environmental  rc.search. 

The  present  report  is  one  of  a  growing  series  dcaliixi  with  local  climate  studies  conducted 
by  or  under  :he  siipcrvi.sion  of  the  U.S,  Army  Quartermaster  Corps,  Tiu;  program  eiicomjxisses 
studies  in  very  greatly  contrauted  regional  environments,  all  of  great  military-scientific  inter¬ 
est-.  The  report  illustrates  the  extent  and  nature  of  the  differences  that  may  be  expected  in  tcin- 
perafiire  conditions  within  a  rciatively  small  area  of  mocierately  v.iricd  relief.  The  field  study 
was  conducted  by  the  author,  a  Ouarter.master  officer-geographer,  while  completing  biu  grad¬ 
uate  residence  under  Quartermaster  auspices  at  Harvard  Univcr.sity  In  preparation  for  Army 
duty  assignments  involving  direction  of  environmental  research  programs  in  Quariermastcr 
Corps  aiid  General  Staff  assignments. 

rhe  report  deals  chiefly  with  temperatures  .-it  standard  weather  shelter  height.  Sc  deals 
mainly  with  horizontal  distribution  of  factors  rather  than  the  greater  vertical  different  >  s  to  be 
found  ar  the  ground  surlace  and  at  various  depths  below  and  heights  above  the  ground  ac  any 
single  ^ooint.  The  study  therefore  may  be  considered  to  be  "topoclirnacic"  rather  than  "micro.. 
climatic".  Nevertheless,  it  points  out  that  hxal  diffetc!.ces  even  at  standard  heiglu  are  niuch 
greater  than  is  generally  recognized,  and  that  the  factors  acc.nmting  for  such  differences  are 
numerous  and  complexly  interrelated.  The  localized  nattnc  of  certain  atmospnet  ic  conditioiiH , 
paificularly  those  associated  w'th  temperature  inversion.^  and  air  layering  arc  discus-sed  at 
length,  and  in  readily  under.standabic  terms.  Although  “uch  b  .il  conditions  are  treated  cltiefly 
as  they  are  applicable  'o  forestry,  in  tine  with  the  nature  of  me  field  study  on  which  the  I'epoc  i, 
is  ba.sed,  the  applications  to  military  operations  are  evident. 

It  is  made  clear  in  this  report  that  if  one  i.s  to  cfilculate  the  effect  of  any  given  set  of 
environmental  facrors  upon  any  military  operation,  one  nuiBt  ob.serve  or  mcaaurc  those  factors 
at  the  pl.ace  for  which  the  calrmlation  is  made,  or  at  a  place  where  co.iJ;  ions  arc  known  to  be 
closely’ similar  in  kind  and  degree.  Data  furnished  from  .station.s  miles  away  and  in  differing 
topographic  situations  may  prove  to  be  gravely  misleading. 

AUSTIN  HFNSCHliL,  Ph.D, 

Chief 

Bnvironnient.-j I  Ih'otection  KcBcarch  Division 

.Approved: 


JAMES  C.  tfRADFORD,  Colonel,  QMC 
Commanding  Officer 
QM  R&  E  Cc.iter  Overationa 
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AliSJkACI 


Th»«  Hiiuly  dcnJf.  uriil,  loc«l  ifiii|.ci*iuic  d.lTercncc-s  m  nunicrouK  coniraHicd  pa  ri>.  of  i  la  ivard  Forchi 
:i.  cciitraf  Maf.Haclui,-.et(«,  iritlic  I’ahtcrn  Upland  of  New  l-ij^land.  Mie  Hiudy  wa.s  hpoiihored  jointly  liy  lUrvaid 
Untvci  NHy  and  Ihe  OuaricrinaNicr  General.  United  Staten  Army.  l•■lcJd  study  extemkd  from  Aagunt  19^7 
ilirougli  July  19^8,  The  prenciii  iV}>oi-|  is  a  revision  of  a  doctoral  diHsertatioii  accepted  by  the  Division  of 
Geological  .Sciences,  Harvard  UrnvcTBity,  in  May,  1953. 

MetbiKi  of  .Study  .ind  l^reseni..iiion 

Ihe  study  wa..  begun  witli  nine  staiioi.H,  and  gradually  expanded  unt  i  .‘.ii  inaxiiinm-minimum  .stations 
(m  sbrlters,'  and  15  siaiiotis  wall  onl/ininimum  ilu-rmome tern  (not  in  shelters)  were  in  operation.  Readings 
were  taken  once  weekly.  Instn-menia  were  placed  at  heiglii.s  of  five  to  seven  feet  from  the  ground.  Eleven 
thermographs  were  used.  Snow  dcpih-  were  measured  at  many  ptmns  and,  in  spring  and  early  sum  mer, 
water. temperature  readings  were  taken. 

Ihe  report  includes  mimerouH  diagrams  of  conventional  ivpcs,  together  with  several  new  types,  includ¬ 
ing  scales  of  lemjH-raturr:  rank  and  fro.st  likelihood  according  lo  site  chat  actenstics.  Dest  .  iptions  arc 
given  for  cacu  station,  and  l.•c  hide  eleva  tion,  situation,  surrounding  vegetation,  shelter  type,  and  instrumen¬ 
tation.  Photogi'aphs  show  ma.ny  of  the  sirtions  and  illu.strate  sea.sonal  contrasts.  Appendixes  include  com- 
^  paraiive  Weathcr-Burc.iu  data  from  eleven  widely  scattered  New  England  staiioiis  outside  Hai  vard  Forest 
complete  chronologiciil  tahles  of  lempei  aiurcs  observed  at  Harvard  Forest,  and  additional  tables  showing 
Hiations  ranked  according  to  relative  wai  iiith  or  coldness  each  nionth,  by  maxiinuni  and  minimum  temper¬ 
atures.  ' 


I  •  1  ntlino!- 


Local  differcnceii  at  Harvard  l-’orcst  covered  1/4  to  3/-I  the  iota)  differences  noted  among  the  eleven 
widely  separated  New  England  stations. 

In  general,  hill  statioms  had  low  maximums  ,imd  relanvcly  high  mimmums;  valley  stations  had  higher 
maxiniurns  and  much  lower  mimirunn.s.  ° 

Northeast  alofsts  had  relatively  low  icmperatures  in  comparison  to  west  and  souihwesr  slopc.s,  owing 
to  differences  iii  insolation  ami  in  expo.sure  to  winds.  '  ^ 

■Stations  Huriounricd  but  not  canopied  by  vegetation  had  higher  maximums  than  comparable  stations  in 
the  open  1  hose  under  a  vegeMiive  Canopy  had  notably  lower  maximum.s.  Both  hardwotxd  and  conifcrou.s 

forest  had  great  moderaimg  cdect  in  sunnner;  h.ardwootls  had  much  less  c.ffect  in  winter. 

Greater  diversit  y  in  maximum  temperature.^  was  caused  by  difference  s  df  vegetation  than  by  topograpliic 
situation.  Open  valley  nottoms  and  west  slopc.s  had  highest  tctnperatiircs,  open  hilltops  lower.  Wooded 
valltys  ranked  still  lower  and  worsied  hilltops  lowest  of  all. 

In  general,  sraiion  lanks  by  minimum  tcm|XTa,urcs  reversed  the  ranks  for  maximums.  Hill  stations 
had  the  highest  minimum  temperatures,  upper  slopc.s  ranked  next,  lower  slopes  still  lower,  and  vailcv 
bottoms  (together  with  intermediate  flats  and  hollows  cn  slopes)  lowest  of  all.  ^ 

At  all  elevations  the  growing  season  was  1  1/2  times  as  long  m  well. wooded  concave  areas  as  in  open 
hnltOfr  *'^*^**'*  •‘"filar  elevation.  Coiiira.sta  between  wooded  .and  open  areas  were  smaller  on  slopes  and 

In  late  spring,  water  temjx-raiurc.s  were  lOF'. degrees  liigher  in  open  jvondii  than  below  the  shrub  cano-- 
m  swamp.s;  in  summer.  .ein,K-ratur.:s  were  1 -3  F.  degree.s  higher-  in  the  open  jxmds  than  uinier  the  sJ.ruh 
canopy.  Bonds  in  summer  had  a  moder.-itmg  elfecc  on  .air  lemperauirec  ,at  land  stations  neiirhy;  hut  not  when 
Irozcii,  in  winter.  Nc.arhy  Btaiioms,  ”m,ai-iiie“  m  summer,  hecaiiie  'coniincmar  in  winter 

.Sriow.rover  was  exceptionally  deep  .■inJ  hasted  lot  weeks;  its  general  effect  upon  the  forest  was  bemgn 
but  contrasts  .1,  air  temperature  fr.im  place  to  place  at  nighi  were  exceptionally  large.  Ihe  ground  became 
r*Ofit-lrcc  bcioiL'  the  spi  if>g  hikI  ^lo  .sorio'js  occurred. 

Early  winter  snow-depths  were  greatest  in  the  open.  Eater  m  winter,  h.ardwood  area.s  had  as  ruicb 
snow  or  more.  In  coniferous  stands  accumulation  was  .slow  but  steady,  never  so  deep  as  m  hardwoods  and 
rem.iincd  longer  in  .spring. 
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Gcnenij^i^nificatKc^^ofJ^mdin^ 

l-'rom  the  findiiign  in  thin  ntudy’  it  w«»  concluded  ih«i  difrcrenccH  ifi  tOf*Oj{r*phiC  form,  direction  of 
exposure,  and  vegeotive  cover  sre  «ll  more  iiii|>oriant  than  local  differences  of  elevation  in  determining 
temperature  differences. 

Standard -height  readi.igs,  taken  in  open  areas,  give  a  useful  general  iraiicaticM)  td"  regional  tempcratiirrs. 
Such  readings  do  not  indicate  contresis  characteristic  nearer  the  ground,  hut  reveal  the  diveraiiy  of  local 
temperature  patterns,  and  enipiiasize  the  impcruncc  of  considering  local  site  factors  in  choosing  locations 
for  climatic  stations  intended  to  be  represenrative  of  the  region.  I.arge  portinnp  of  Mear  iZngIsnd's  inter, 
mediate  uplands  have  climates  diffcrii^  from  those  at  nexi  by  first-order  Weather  ihircau  stations,  situated 
mostly  in  valleys.  The  upls.n-':^  .  t  -cepi  in  concave  areas,  have  lower  mean  inaxitiiunia,  higher  mean  ri'iini- 
mums,  less  frost  danger,  an,’.  .’Oogcr  growing  H'ra'ions  than  are  generally  reported  for  the  |•cgion. 

Temperature  Differences  and  Porcsi  Patterns 


Although  temperature  differences  help  to  accouni  for  important  local  differences  in  forest  type  at 
Harvard  Forest,  the  present  distribution  of  species  is  probably  influenced  even  more  by  differcncea  in 
groundwater  conditions  and  soils.  Differences  in  daily  maximum  temperatures  and  in  total  amounia  of  heat 
energy  available  aigiven  sites  probably  are  more  significant  than  differences  in  daily  minimum  teniperatures 
or  length  of  frost  season  in  influencing  species  distribution. 

Northern-forest  types:  Northern  spruce  forest  is  typical  in  poorly  drained  depressions  with  low  soil 
temperatures,  very  low  night  temperatures,  and  the  sfiortesi  growing  season  locally  observed.  Hemlock  is 
common  in  all  bur  the  wettest  parts.  Northern  mixed  hardwood  —  evergreen  forest  is  common  on  cool, 
moist,  but  well-drained  sices,  especially  on  lower  slopes.  Characieristic  northern- forest  species  are  yellow 
birch,  beech,  sugar  maple,  and  paper  biixh,  with  some  hemlock  and  while  pine.  In  cooler,  shadier  places, 
hemlock  is  increasingly  prominent.  White  pine  is  common  in  older-growth  forests  and  on  lighter  soils;  its 
distribution  appareiiiiy  is  influenced  less  by  temperature  conditions  than  hy  soil  factors,  and  by  its  long  life 
span. 

Transition  forest  occupies  the  major  part  of  Harvard  Forest.  Numerous  species  compose  it,  together 
with  northern  species  on  cool  sites  and  central  species  on  warm  sites.  Red  oak,  (hough  aeoaitive  to  fros: 
when  young,  is  an  aggre.ssivc  dominant  on  di'y  sifs.  While  ash  is  Common  on  terraces  and  awalesides, 
where  water  is  abundant  but  not  stagnant,  days  arc  .sunny  and  warm,  and  nights  comparatively  cool  for  the 
region.  On  swale  floors  with  .standing  water,  fed  maple  domiriatcH,  except  where  replaced  by  northern  and 
other  hardwood  species  through  silvicultural  management.  Hie  white  pine-hemlock  association  is  common 
on  areas,  of  lighter  soil,  where  teniperature  conditions  arc  favorable  for  cither  hardwoods  or  conifers. 

Central  forest  is  most  commonon  warmer  sites,  e.spccially  on  south  and  west  slopes.  Dominant  species 
are  white  oak,  shagbark  hickory  and  (formerly)  chestnut.  White  oak  is  most  common  on  slightly  lighter 
soils.  Low  minimum  temperatures  at  bases  of  slopes  do  not  inhibii  hickory,  which  is  remarkably  rcsiatanl 
to  frost;  the  lorg  exposure  of  such  .sites  to  sunlight  favors  hickory. 

Temperature  Diffcrence.-s  and  Physiographic  History 

Prcglacial  and  postglacial  proccs.ses  wci'e  Controlled  l;K)th  by  climatic  cycles  affecting  the  region  as  a 
whole,  and  by  local  small-scale  climatic  differences  conse9uent  upon  toyiographic  diversity.  Minimum  and 
mean  temperatures  probably  were  notably  lower  in  valleys;  and  glacial  and  pcrigiacial  climaies  probably 
set  in  earlier  and  lasted  longer  there  than  on  the  rolling  uplands.  During  periods  of  glacial  wastage,  ice 
probably  remained  in  valleys  long  after  uplands  became  clear. 

In  the  early  postglacial  period,  local  tcmpcrsiure  differences  probably  had  a  direct  influence  upon  the 
manner  of  original  establishment  of  the  various  forest  types.  Today  each  type  persists  in  local  areas 
having  climate  most  like  that  which  prevailed  when  that  type  was  more  extensive. 

During  almost  all  periods,  and  particularlv  when  no  general  vegetative  cover  existed,  temperature 
contrasts  were  marked;  thccc  affected  physiographic  agents  and  processes  greatly  and  differently  on  uplands 
and  in  valleys.  Through  these  processes,  the  temperature  diffcrcncc.s  were  an  important  contributing  factor 
in  the  developmen:  of  soil  patterns  and  groundwater  relationships  which  persist  today;  these  soil  patterns 
and  groundwater  relationships  influence  the  present  forest-type  distribution  even  more  than  do  the  present- 
day  temperature  differences. 
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XIX 


TOMPKRATUKfi  DIPPfiRliNCES  IN  HARVARD  PORHST  AND  THHIR  S1GN1P1CANCI2 


CHAPTOR  1  -  INTRODUCTION 


The  H*rv*rd  Porciit  in  in  rcntral  M«Hiiachu»cttii,  m  the  heart  of  the  Hatttern  Upland  of 
New  Hr^Jand,  a  region  of  complex  geological  hiaiory,  diverae  topographic  form,  and  extremely 
varied  human-uae  jx>teneialitica  (Figure  l).  Although  the  land-uae  hiatory  of  the  Paatern  Upland 
differa  in  detail  from  place  to  place,  it  ia  eaaentially  aimilar  for  the  region  aa  a  whole,  and 
preaerit  day  land-uae  problema  with  which  man  muat  cope  are  aimilar  throughout  the  region. 
In  the  uplanda  of  New  England,  aa  in  the  river  and  coaatal  lowlanda,  many  natural  factora  com. 
bine  to  favor  a  balanced  and  developing  economy,  but  much  development  muat  be  planned  care- 
fully  in  order  to  make  the  wiaeai  uae  of  the  natural  reaourcea.  Some  of  theae  resourcea,  auch 
aa  waterpower,  are  of  limited  quantity  but  of  high  utility;  othera,  aa  for  instance,  the  aoilu, 
are  abundant  but  of  limited  utility  in  many  ptacea.  The  realitiea  of  environmental  limitation 
muat  be  faced,  but  the  limitations  muat  not  be  exaggerated.  Much  has  been  written  about  the 
stony  upland  soils  and  sandy  valley  aoila  of  New  England  aa  contrasted  with  the  deep,  fertile 
soils  in  many  parts  of  tlie  Central  Weat.  Similarly,  it  has  been  emphasized  frequently  that  the 
short  growing  season  of  New  England  places  it  at  a  serious  disadvantage,  both  for  farming  and 
forestry,  in  comparison  with  regions  farther  south  in  the  United  States.  The  meagreness  of  its 
power  resources,  even  of  waterpower  which  was  so  valuable  during  the  early  years  of  industrial 
development  but  is  inadequate  to  meet  today's  increased  needs,  places  New  England  at  an  added 
disadvantage.  High  labor  costs  and  other  economic  factors,  although  indicatitig  a  higher  standard 
of  livit^  for  New  England,  have  worked  to  its  industrial  disadvantage  in  competition  with  other 
parts  of  the  country.  The  signs  are  plain  to  be  read,  however,  that  New  England  is  maintaining 
and  expanding  a  diverse  and  stable  economy  based  upon  improved  agricultural  and  industrial 
methods,  upon  modernized  uxaticn  procedures,  and  upon  improved  regionaU national  coopera¬ 
tion  relationships.  All  of  this,  however,  must  be  consequent,  in  large  part,  upon  a  careful  adjust¬ 
ment  of  land  use  to  land  capabilities. 

The  economic  activities  by  which  a  very  large  proportion  o?  the  people  of  New  England 
earn  their  livelihoods —  activities  such  as  manufacturing  and  c  i,..rcc  —  involve  the  physical 
occupancy  of  only  a  amail  portion  of  the  land.  Even  farming,  srhich,  by  emphasis  upon  intensive 
factory-farm  dairying  or  upon  hi  gh  qu.ility  specialty  crops,  is  increasing  in  productivity  and 
income,  occupies  only  a  small  part  of  the  total  area.  .So;nc  of  the  remainder  ia  water,  which  in 
combination  witl;  other  factors,  both  natural  and  human,  forms  the  basis  of  a  most  important 
year-round  recreational  industry,  f^y  far  the  largest  profxirtionof  land  is  in  forest.  T/ie  forest, 
therefore,  is  a  very  important  parr,  of  many  geograpiiic  or  economic  studies  of  New  England. 

The  forest  is  not  alone  a  physical  element.  It  is  a  tremendous  economic,  social,  and 
pol  itical  factor,  although  it  ia  chiefly  permis-sivc  and  for  the  most  part  exerts  its  influence  only 
as  man  utilizes  the  wealth  it  has  tooffer.  It  is  patent  that  improved  forestry  practices  through- 
out  New  England  should  result  in  great  benefit  to  the  region  as  a  whole.  'The  efforts  made  to 
accomplish  such  improvement  have  taken  many  directions  and  arc  reported  in  an  impressive 
variety  of  studies.  A  primary  objective  in  some  of  these  studies  has  been  to  determine  the 
relationships  between  plant  growth  and  the  numerous  factorsof  the  natural  environment.  Among 
these  factors  one  of  the  most  important  is  climate. 


The  prcBCne  study  deals  chiefly  with  a  single,  hue  important,  clenjeni  of  the  climate, 
namely,  temperature.  It  reports  ihc  procedures  used,  and  results  obtained,  durii^  a  year  of 
field  study  of  local  temperat  tre  diffcrc.tces  at  Harvard  I’orcst.  from  August  1947  through  July 
1948,  as  recorded  at  temperature  stations  established  in  numerous  contrasted  parts  of  the 
f  orest,  ^ch  local  differences  in  temperature  ai  c  considerably  greater  ilian  is  commonly 
realized  (Figure  2).  The  report  also  includes  a  comparative  analysis,  for  the  same  period,  of 
the  general  temperature  conditions  at  eleven  widely  separated  New  lir^land  stations.  This  com- 
P*Tativc  analysis  was  based  upon  Weather  Bureau  records. 


HARVARD  FOREST,  PETERSHAM,  MASSACHUSETTS 

TEMPERATURE  RECORDS  AT  FIELD  STATIONS 
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I'lgure  3 

The  specific  objectives  of  the  study  were;  (l)  To  gather  a  large  body  of  temperature 
data  during  a  one-year  period  from  a  network  of  stations  in  sciected  locations  of  widely  differ¬ 
ent  charactet'.  These  data  were  to  provide  a  basis  not  only  for  present  analysis  but  for  compar¬ 
ison  with  readings  to  be  taken  in  the  future  under  changed  conditions.  (2)  To  snalyze  the  data 
gathered  and  determine  the  amount  of  local  temperature  diversity  in  Harvard  Forest  as  com¬ 
pared  to  the  regional  diversity  of  New  England,  from  the  Atlantic  margin  westward  to  die  berk- 
shires  and  from  1-ong  Island  Sound  northward  to  the  Canadian  border,  (j)  To  delineate  differing 
local  temperature-type  areas  within  Harvard  Forest,  and  toattempt  to  establish  scales  showing 
relative  day  warmth  and  night  coldness  of  these  areas.  (4)  To  determine  the  local  importance 
and  influence  of  elevation,  direction  of  exposure,  topographic  form,  vegetation,  water  bodies, 
and  snow-cover  in  causing  local  temperature  differences.  (5)  To  compare  sciected  stations 
within  Harvard  Forest  as  to  temperature-frequency  distributions,  length  of  frost  season  and 
vegetative  season,  and  number  of  frost  days,  ice  days,  aumrtier  days,  and  tropical  days. 
(6)  Finally,  to  apply  the  findings  to  the  problem  of  the  possible  importance  of  temperature 
factors  in  influencing  forest-type  distribution  and  land  use. 

Corollary  purposes  of  the  study  were:  (l)  To  determine  comparative  value  of  readings 
taken  regularly  once  daily,  weekly,  and  monthly,  or  at  infrequent  intervals  by  rapid  traverse 
methods. (2)  To  determine  the  extent  to  which  data  could  be  used  comparatively  when  taken 

from  diffcrcni  kinds  of  instruments  and  when  instruments  were  housed  in  different  kinds  of 
shelters. 

The  entire  study  is  documented  with  representative  maps  and  photographs  portraying  the 
areas  and  conditions  being  analyzed;  itutilizes  newas  well  as  previously  used  kinds  of  diagrams, 
which  show  temperature  sequences  and  differences  observed,  and  which  set  forth,  comparatively,' 
some  of  the  major  conclusions  reached. 

Appendixes  include  comparative  data  from  other  New  England  stations,  complete  chron¬ 
ological  tables  of  temperature  observetions  in  the  field  at  Harvard  Forest,  also  additional 
maximum-  and  minimum-temperature  lable.s  showing  stations  rearranged  according  to  relative 
warmth  or  coldness  each  month. 
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CHAPlIiR  11  -  kliG'ONAL  Sii'l  TING  AND  TAND-USl:  HISTORY 


In  this  chapter  the  surface  character  of  New  lingla  nd  is  deticrihed  m  general  terma,  and 
that  of  Idarvard  Forent  is  described  in  more  detail,  Thia  is  followed  by  brief  diacuaaiaiiM  of 
Moils,  climate,  and  vegetation.  The  chapter  c  one  hide  m  with  a  brief  review  of  the  Jand-uae  history 
of  the  Town  of  Petersham  and  a  brief  description  of  its  present  land. use  stat’is. 

Many  of  the  factual  points  concerning  conditions^/i^  1947. 1948  discussed  here  were  con¬ 
firmed  by  personal  observation  in  the  field,  or  in  interviews  with  local  residents.  The  selections 
quoted  from  published  sources  deal  both  with  present  and  with  past  conditions.  They  indicate 
that  natural  factors  and  present  land. use  problems  in  the  vicinity  of  Harvard  Forest  are  essen¬ 
tially  the  same  as  in  an  extensive  surrounding  area,  and  suggest  that  the  fiiulings  of  this  study 
are  appliceble  in  many  parts  of  New  England  and  in  other  regions. 

1.  Relief  ([•igures  1,  3,  4,  and  5). 

Concermng  the  surface  character  of  the  New  En-land  ProvMM:c  as  a  whole,  J.  K,  Wright 
says  fl933,  p.  i4): 

"Much  of  New  linglatid  is  a  country  of  ancient,  worn-duwn  mountainA,  a  land  of  extremely  complex 
rock  structure.  The  ceaseless  forces  of  erosion  have  etched  out  a  pattern  of  valleys  below  the  general 
levels  to  which  the  mountains  were  reduced  lar  back  in  geological  tin'.cs,  and  the  complexity  of  relief  reflects 
,,  the  complexity  of  the  underlying  rocks.  The  invasions  and  retreats  of  the  continental  ice  sheets  did  much' 
to  accentuate  the  diveraified  quality  of  die  serface.  The  ice  scraped  off  the  earth  and  carried  away  pieces 
of  rock  from  countleaa  hillaidea;  it  dropped  its  load  in  moraines,  damming  streams  and  impouttding  the 
waters  in  lakca  and  ponds,  li  turned  river*  aside  from  their  older  channels.  It  scattered  boulders  and 
gravel  far  and  wide.  Its  melting  waters  gathered  along  the  ice  fronts  in  iakes,  now  vanished.  On  the  floors 
of  these  lakes  sand  and  mud  were  laid  down,  and  these  deposits  today  form  little  plains,  often  terraced  by 
postglacial  streams.* 

Describing  the  Eastern  Upland,  Wright  says: 


'The  dissected  surfaces  of  the  Eastern  Upland  rise  gradually  from  southern  Connecticut  northward 
acroas  Maasachusetta  and  New  Hstrtpshire  to  abut  againat  the  White  Mounuint  at  altitudes  of  between  1000 
and  2000  feet.  They  also  ascend  from  their  eastern  and  western  margins  to  a  acriea  of  irregular  longitudinal 
crest  linew  aliove  which,  in  Maaaachusetes  and  New  Hampshire,  rise  isolated  mountains,  the  remnanta  of 
once  much  loftier  peaks.  Monadnock  (3166  feet)  the  noblest  of  these,  has  given  its  name  as  a  generic  term 
for  auch  residuals  wherever  found*  (op.  cit,  p.  38). 


The  relatively  recent  continental  glaciation  and  aubaequent  deglaciation  probably  had  less 
modifying  effect  upon  the  major  ridge  pattern  of  the  upland  than  was  once  believed,  but  did  have 
a  profound  effect  upon  the  surface  conditions  on  the  ridges.  Great  changes  also  took  place  in 
the  valley  bottoms,  as  a  consequence  of  ice  and  rater  deposition,  with  the  greatest  changes 
occurring  during  the  period  of  glacial  wastage.  In  many  places  the  drainage  patterns  were 
greatly  altered  as  a  result  of  glaciation. 

2.  Topography  of  the  Three  Main  Harvard  Forest  Tracts, 

Each  o^  the  three  main  tracts  ofHarvard  Forest  differs  in  topographic  character  from  the 
othera.  Together,  the  three  tracts  give  a  representative  sampling  of  the  diversity  exhibited 
within  the  Eastern  Upland  Region. 

a.  Prospect  Hill  Tract  (Figures  3,  6,  7.  and  8). 

The  Prospect  Hill  Tract  includes  the  northern  and  somewhat  complex  beginning  area  of 
the  Petersham  Ridge,  which  forms  the  center  ridge  of  three  major  north-south-trending  drain¬ 
age  divides  of  the  Petersham  Township. 

The  northern  part  of  the  tract  is  dominated  by  Prospect  Hill  (1383  feet),  the  highest  point 
in  the  Harvard  Forest.  Prospect  Hill  marks  the  southern  edge  of  a  broad  gently  rolling  upland 
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f'iglire  -I  -  lom  Swamp  Tract,  f’anorama  from  south  to  north  by  way  of  wcMt,  taken  fi  oiti  icii  hcc  hocilcr 
tastcrn  edge  of  Tom  Swamp,  Hhowti^:  1 ,  Mucd-foreat  growth  at  cnfitern  edge  of  swamp;  2.  l.owbnsh  swa 
growth;  3.  Black  spruce  swamp  lorcst;  4.  White  pine -liertilock  lorcfU  on  F.iy  I.ot  1  erracc;  .5,  Dccidui 
forest  on  West  Boundary  Hill.  July,  !9‘18. 


l-igurc  5  -  Kiccville  food.  Panoiatmt  from  soutii  to  northwest  hy  w.ny  - 
pOitd,  showing,  on  opposite  shore;  I.  .Margm  of  lotti  Swiim|>,  2,  f^ay'  I.ot  i 
licyond;  f  Kiccv'illc  Pond  tcmper.iturc  .station;  -1.  I’o. id  outlet.  .July,  194H. 
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area  only'  Hjightly  lower  than  tl.e  hill  itscll.  Deep  valleyt,  border  the  hilJ  to  ea«t  and  wc«t,  am: 
a  atcep  floutii  slofjc  k-adB  down  to  the  broad  basin  of  the  Town  Line  Swatnp,  The  upper  aurfate 
of  Proep^ct  Hiii  reprcflcntn  a  Hiiiall  remaining  argnicnt  of  an  ancient  peneplain  mitfacc,  scoured 
by  ice  during  tiie  glacial  period  and  thinly  covered  with  glacial  di  ift  and  acolian  deposits.  Tin 
filopcs  below  are  deeply  and  thickly  littered  with  huge  angular  blocka  of  rock,  intermingled 
with,  or  underlain  by,  glacial  drift,  Sonic  of tbcHe  may  have  been  swept  from  the  upland  surfact- 
hy  the  advancing  glaciers;  othcra  probably  were  plucked  from  the  sleep  faces  of  the  lull  and 
diopped,  together  with  stagnating  ice,  on  the  slope  just  below,  then  overridden  by  later  ice 
thruating  from  the  north  and  northcaBt.  Some  of  tin;  smootli  upper  slopes,  side-hill  terraces, 
and  boulder- Bcaa  or  rock  fieidK  on  lower  Kiopes  pr  obably  reaultcd  from  processes  of  cryopian- 
ation  and  congclirurbatioii  common  during  glacial  and  postglacial  periods. 

Beyond  the  deep  narrow  valley  on  the  west  side  of  Prospect  llill,  and  only  slightly  lower, 
IS  Little  Prospect  Hill  forming  a  soutliwestward  extension  of  the  upland.  It  is  elliptical,  with 
rather  steep  sJopc.s  to  the  north,  norihwcst,  and  southeast.  Its  main  axis  is  to  the  southvveftt; 
beyond  a  slightly  lower  secondary  siiminit  in  lh;s  direction  the  hill  lias  a  gentler,  aomewhar 
terraced  descent,  and  lorins  the  long,  drift-covereci  rock  ridge  on  wlucli  the  Purest  Meadquarters 
buildings  stand.  The  two  summitfi  of  Little  Prospect  Hill  are  rounded  to  flatiish,  and  have  a 
deeper  covei  ing  of  glacial  drift  overlying  bedrock  than  is  the  case  on  Prospect  Hill. 

At  the  south  base  of  Little  Prospect  Hill  ia  the  Big  Spruce  Swamp.  Iliis  long,  wide,  flat, 
ill-drained  pear  bog  may  be  underlain  by  ounvasii;  it  ia  traversed  from  northwest  to  southeast 
by  a  low,  discoiuimious,  gravelly,  csker-like  ridge.  The  swamp  lies  athwart  the  drainage  divide 
between  the  Swift  River  and  the  Miller's  River.  It  drains  eastward  to  the  Town  Line  Swamp, 
which  diains  to  the  Swift.  Westward  di'ainagc  t.s  to  a  little  etreani  which  has  a  rapid  descent 
into  a  long  narrow  swale  just  cast  of  (he  Porcst  Hcadcjuaricrs  buildings.  This  swale  drains 
southward  to  Nelson  Brook, 


Upl.Tnil  of  New  I'.ngliind.  View  iitjriliweMiw.'nd  nnd  iiortliward  fioin  I  i 
•Jincc,  find  2.  Me.  Mon.idnock.  Novcmlier,  l‘)47. 
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ij-vf*  jijvt.ily  upward,  forfiung  a 
broad  platform.  Rian^  from  cite  center  of  ihia  platform  »a  the  gtcat  oval  maHH  of  Brooka  Hill, 
a  drumhn  aligned  northcartt-aoiithwi-ut  (Aldcn,  1924,  Plate  Kill).  Ilie  platform  itself  bi  cakts  to 
tile  east,  south,  and  west  in  a  wet  ten  ol  tc;  t  acc-likc  steps.  On  tlie  east  these  terraces  lead  down 
into  the  Town  Line  Swamp,  which  lies  aouth  of  i'rowpect  Hill  and  Nome  50  feet  lower  lli.in  the 
Big  Spruce  Swamp.  West  of  Brooks  Hill  a  stream  valley  cuts  the  ttppei  platform  level  and  di  aiiifi 
into  Lake  Swamp,  which  is  perched  on  a  lower  level  and  in  drained  by  Nelnon  Brook.  Ihc  Lake 
Swamp  was  artificially  extended  by  damming,  and  once  formed  a  latgc  nullptind,  the  waters  of 
which  spread  to  the  north.  At  present  the  ope  pond  is  very  .Hm.nll,  aiid  much  of  the  nwatnp  in  now 
heavily  overgrown  with  thicket.  South  of  tite  millpond  is  a  small  lock.coicd  hill.  Westward 
from  Lake  Swamp,  and  at  least  40  feet  lower,  ts  tiie  wwalc  whose  fiircam  begins  in  tlic  Big  Spruce 
Swamp.  Many  places  m  the  various  swales  are  very  bouldct  y,  but  the  platform  surfaces  appeal 
to  consist  of  liU,  jKjHSihly  worked  by  glacial  mcltwa  ter  hut  not  neccssartly  covered  with  outwnsh 
deposits  except  locally. 


Ihc  portion  ol  the  I’lospeci  Mil]  I  i.'k'I  west  oi  the  i  leadipia  i  tei  •.  hniidnig  e(iiiNi,.is  eMser'- 
tialiy  o(  the  steeply  .sloping,  .unplutheaiei  - like  valley  of  Nehson  I'-iook.  1  he  valley  has  numei 
ou.s  knolLs  of  bedrock,  and  many  fieldi.  of  loose  anguiai  I'ouldei  s  >riiu;h  t.i.iy  have  been  accum¬ 
ulated  here  hy  frosi  action  and  by  glaci.i!  plucking  atui  dropping.  I'lie  lowet  part  of  the  NcInoi! 
Brook  compartment  ih  almo.Hi  flat,  and  is  terraced,  Imt  in  tnany  [  lace?,  the  mu  face  is  sionv. 
Stil!  farihee  west  and  downstream,  Nclstjii  Brock  has  cut  itself  into  the  hi  diuI.  sindy,  kanie 
terraces  of  the  Riccville  ihnnd  valley. 

fVoHpect  Hill  IN  not  only  the  Inghcst  point  in  H.n  van!  l■■o^e.sc,  hut  the  lugheiu  point  m  the 
wide  (iie*a  between  Mt.  Aacliuseit,  hit,  Monadnock,  aiui  Mt.  Brace.  Cine  iniglu  expect  it  to  havi' 
very  extreme  temperature  readings.  [dcHpite  its  conntdcrahle  elevation,  however,  Ibospctt  lliil 
has  the  mildest  teniperaiui  c  conditions  of  any  open  place  in  the  Hai  vaid  L'ore.st.  Other  pai  ts  of 
the  Prospect  Hill  fract,  of  only  slightly  lower  elevation,  hut  of  concave  shnp-,  have  coiiinder- 
ably  gieatei  tempetature  eoniraf.it.s.  f-vco  ;not’c  fievcre  conditiofs  are  charactcrintic  of  jiai  ts  ol 
and  two  oilier  main  trr.cr.s. 

h.  Torn  Swamp  Tract  (Pigurcs  4,  5,  0,  and  9). 

The  Torn  Swamp  Tract  consists  e.sscntially  of  an  irnpoi  tant  tieginein  of  the  deep  trough 
separating  the  central  or  I'ctcreharn  Ridge  of  PeterHham  J  own  from  a  western  and  .soincwlint 
more  discontiniiou.s  ridge  which  includes  Bald  Hill,  CamerH  Hump  Hill,  and  othci  w.  I  hc  cuBtciui 
edge  of  the  tract  torms  a  portion  of  the  Jong  westward  slope  o!  the  Pctei  sham  Ridge,  iMueii  of 
this  .slope  is  thickly  strewn  with  angular  boulders,  winch  in  jdaccB  form  veritahle  boulder  seas. 
In  between  and  underlying  these  is  glacial  till  intermixed  with  or  covered  with  Iochs,  Locally 
the  slope  i.s  interrupted  hy  platform -like  .sv/alcs  occiijucd  by  .swamp.s  of  limited  extent  hut  of 
considerable  land -use  .significance.  VVe.stward  the  lia.ses  of  tlic  slope  merge  into  a  somewhat 
flatter  kamo  terrace,  which  is  undulaiing  to  flat  and  locally  pitted.  At  the  western  liniu  oi  this 
terrace  a  small  hut  abi  upt  drop  iriark.‘3  the  edge  of  Riccville  ibind,  I'om  .Swamp,  mul  1  lai  vai  d 
or  Brooks  Pond.*  Projecting  segments  of  nutwasli  terrace  form  pciiinHiilas  e-xiending  into  loir 
Swamp  and  Harvard  Pond.  Isolated  .segrnetu.s  form  island.s. 


Ingurc  9  -  Torn  .Swamp  Tract.  View  norchwcMtwai  r!  down  Highway  122  from  i V'terrth.aiii  Wcsi  Rond  rov/a  nl 
lorn  -Swamp  lowland,  showing'  ' .  Wcfit  lioundiiry  Hj  II .  wi  th  Mt .  Clnui:  Ix-yond  on  skyline;  and  2.  Ilsrv.aitl  Hill. 
Nov'rrnhcr^  1947, 

The  original  names  given  tlie  (K.nd  were  iJrrsiks  I'rrnd  or  Meadow  W.au-r.  tn  all  Matvai.l  l•■ole^u  piihlica  . 
(ions  It  i.s  called  Harv,aid  Pond.  1  he  name  giver,  on  ihe  fo[wjgi  apliic  map  is  liitx.ks  Pond. 
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lo  Millci  ’fi  kivei.  Harvard  I’niiri  and  I'cvei  liirxjk  tlrain  hnuiliwn I'll  iribwilr  Rivci. 

Along  lire  wcHici  n  edge  of  the  Riceville  i’onO  —  I  oin  Swamp  —  Hai  vai  d  Pond  deprestnon 
i(j  anotliet  outwasli  tet  .'ace  cornprti  able  to  that  on  the  eafitci  ii  edge,  i  hih  terrace  iw  cHpeciaHv 
Well  dcvclofied  on  tiic  wenler  ri  margin  of  Kiceville  l^ond,  wher  e  it  foiinh  the  broad  piatforni  of 
the  i'ay  i  oi.  VVe.stwarti  front  tliih  nsef)  the  long,  drifi -covered  wlopje  of  the  West  iionndary  Hili. 
lilts  lull  terncinatcs  on  the  noiitli,  at  the  loin  Swamp  Rond,  in  a  senes  of  craggy  prongs,  witii 
many  ieu  c  r  ock  exposut  en  and  with  rucepciiffK  forming  their  easteni  and  western  edges.  Sever  al 
much-broken  hut  roughly  jtarallcl  line.s  of  rocky  knobs  and  ridges  form  southward  extensions  of 
these  ridges,  to  the  south  of  the  i  oni  Swamp  Road,  m  the  area  west  of  flarv-rd  l-'ond.  Between 
these  knobs  are  riactish  areas  at  various  levelt:. Soirte  of  these  at  e  surfaced  with  till,  i'he  lowci 
tcrr,icert  at'-  to  the  east,  near  the  sv/amp  aiic!  Ilarvaid  l^ond,  and  are  partly  covered  with  out- 
wash.  Poorly  drained  Mats  licrc  as  elsewhere  arc  occupied  •'y  peat  bogs,  with  swamp-forest 
vegetation . 

The  area  immediately  cast  of  fiarvarti  f^ond  is  dominated  by  a  bigb,  rock-cored,  drift- 
covered  elliptical  hill  With  a  long  north-south  axis.  I  he  Marvard  Hill  station  is  at  its  summit. 
Although  the  hill  rises  steeply  150  feet  above  the  ponJ,  iih  eastern  slope  drops  only  00  feet  to 
a  wide  long  swale  (Compertment  V  Swale)  lying  on  a  plane  soitic  90  feet  higher  than  the  pond, 
file  stream  draining  southward  from  tliis  owalc  was  once  dammed,  and  the  swale  itself  once 
comprised  a  millpond  of  considerable  proportions.  A  string  of  small  rock  knoli.9  to  the  south¬ 
east,  linked  by  low  rtrfgcs  of  glacial  drift,  made  it  easy  to  dam  a  tributary  stream  to  form  a 
small  auxiliary  upper  millpond.  The  mam  swale  has  secondary  drainage  around  the  northern 
end  of  Harvard  Hill, 

A  discontinuous  esker  with  a  southeast-northwest  trend  lies  )ust  inside  the  southern 
hound, ary  of  the  I otn  Swamp  Hact,  near  the  State  Highway.  Its  northwestern,  and  most  notable, 
ftcgmcfif  forms  a  higli,  steep-, sided  hill  of  well- washed  and  .sorted  gravel  and  sand  near  the  edge 
of  Harvard  Pond. 

c.  .Slab  City  I  t  act  (^■lgurcs  6  and  lO). 


.'Mthough  the  gencr.al  trend  nf  the  ridges  m  the  l'’etei  sham  region  is  north-south,  most  of 
the  main  drainage  lines  lead  to  the  southwest.  Some  of  tlic  most  broken  country  is  that  border¬ 
ing  the  Btreatns  where  tfiey  cut  tlirough  the  main  ridge  lines.  No  part  of  the  Town  of  Pcter.sliam 
is  moi  e  Itroken  tlian  that  boi  deringSwift  River  In  the  area  occupied  by  the  Slab  City  Tract,  south 
of  Petersham  Center. 

In  the  moM  northern  part  of  the  Slab  City  Tract  the  Swift  River  valley  is  deep  and  narrow. 
I  he  eastern  side  of  tlie  v, alley  is  foJ med  by  a  high  conical  hill  which  rises  steeply  feet  fr  om 
tlie  river,  then  drop.s  as  abruptly  to  Moccasin  Brook  farther  east,  outside  the  tract  boundary.  A 
terrace  borders  thc.se  streams.  Southwestol  the  .stream  junction,  and  just  north  of  Burns  Bridge, 
a  low  knobby  ridge  once  stood;  this  wn.s  a  good  .source  of  gravel  and  has  been  mostly  removed. 

West  of  the  State  Higiiway  leading  down  past  Connor  I’ond  the  Petcr.sliam  Ridge  breaks  into  a 
compact  mass  with  five  niajor  heights.  The  (ou<-  northernmost  of  tiiese,  with  their  intervening 
saddle  ridges,  form  a  U-s)iaped  serie.s  enclo.sing  n  deep  valley,  utilized  in  colonial  days  bv  the 
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I'l^nfc  to  -  Si.il'  t-i(y  iinct.  tSew  nntlliwat.f  fioni  I’at  t.nnnoi  Uo.ad,  .tci.i.sh  Coinot  Pond  .and  up  .''ivili 
River  anil  Wocca.Nin  l^rftok  Valleys,  l^ro'ipect  llili  is  ns  dist.int  crniri  skyline.  Oi  lohei  .  10-17. 


9 


coAcIi  road  leadii^  from  Worcester  to  Greenfield.  Tiie  highest  hilt  is  Hickory  Hill  (1075  feel}; 
this  is  flanked  on  the  southeast,  across  a  high  saddle,  by  a  hill  some  1010  feet  high.  These  close 
the  curve  of  the  U.  South  of  Hickory  Hill  proper  is  a  broad  shelf  or  platform,  partly  sM'anipy. 
From  the  eastern  edge  of  this  platform  a  steep  cliff  drops  sharply  to  the  Coach  Road  valley  be¬ 
low.  Southward  from  the  shelf  platform  with  its  swamp,  the  land  r: sckf  gently  to  form  a  long 
broad,  topped  ridge,  also  some  lOlO  feet  high.  The  stccp-cliffcd  soutneast  face  of  this  upper 
ri(^e  forms  one  wall  of  an  upland  gap.  the  floor  of  whicl:  has  an  altitude  of  9.^5  feet.  The  cliff 
face  has  several  water- smoothed  surfaces,  also  pot-holes  and  small  caves.  The  valley  forms  a 
corridor  trending  nertheasf-southwest.  It  may  represent  one  segment  of  a  high  channel  cut  by 
an  ice-marginal  stream  across  all  the  north-wall  spurs  of  the  Swift  River  valley  at  a  time  when 
the  valley  was  deeply  filled  with  ice.  The  course  of  such  a  stream  is  suggested  by  the  saddles 
cut  in  each  spur  in  surcession  along  the  side  of  the  present  Swift  River  valley. 

On  the  opposite  side  of  the  corridor  formed  by  the  upland  gap  is  ilie  isolated  knob  of  Wildcat 
Hill  (996  feet).  The  northwestern  slopeof  Wildcat  Hill,  toward  the  corridor,  is  moderately  steep, 
drift-covered  and  strewn  with  huge  angular  blocks,  most  of  tiicin  slumped  from  the  l>edrock 
composing  the  hill.  The  southeast  face  of  the  hill  has  a  precipitous  20C-foot  drop,  broken  by 
several  narrow  ledges,  to  a  hidden  swamp,  perched  in  a  narrow  part  of  the  lower  Coach  Road 
valley.  The  hidden  swamp  is  some  40  feet  above  the  broad  meadow  flat  bordering  Swift  River 
The  east  side  of  the  Swift  River  valley  also  consists  of  high  rock  hills,  of  rounded  aspect 
but  covered  with  loose  stone  at  many  places.  South  Hill  (1041  feet),  traversed  east-west  some¬ 
what  north  of  its  highest  point  by  the  tract's  southern  boundary,  has  distinct  terraces  at  several 
elevations  on  it.*  north  face.  These  might  be  due  to  (be  land  slumping  down  against  an' ice  wall, 
or  they  could  have  been  carved  into  the  bedrock  by  ice-rnarginal  streams,  or  they  may  consist 
of  kamc-terrace  deposits  later  covered  in  places  by  land  slump. 

The  valley  bottom  itself,  on  the  south  bank  of  the  river,  consists  of  a  series  of  terraces,  the 
main  one  of  which  averages  some  30  feet  to  40  feet  higher  than  the  river.  A  whole  seriea  of 
rounded  knolls  rises  abovo  the  general  terrace  level.  Several  more  knolls  stand  at  higher  levels 
in  the  tributary  stream  valley  castofSouth  Hill,  where  the  State  Highway  leads  up  from  the  Swift 
River  valley  to  the  Barre  Upland.  Numerous  other  such  knolls  form  a  cluster  at  the  mouth  of 
Silver  Brook,  which  drains  Carter  Pend  and  enters  the  Swift  River  about  a  half  mile  below  the 
southwest  corner  of  the  tract.  These  gravelly  and  sandy  knolls,  of  glaciofluvtal  origin,  may  re¬ 
present  successive  pauses  in  the  melting  away  of  an  ice  front,  where  rivers  issuing  from  the 
ice  dropped  their  sediments  and  built  high  kame deltas.  The  sides  of  these  probably  slumped  to 
form  conical  hills  when  the  ice  front  rnehed  back  a  little  farther.  The  tandem  arrangement  of  the 
knolls  overlooking  the  river-bottoms  swamp  in  the  extreme  southwc.stcrn  pa;'!  of  tlic  tract 
(White  Pine  Bottoms)  could  suggest  simultaneous  formation  as  an  c.skcr.  The  river  has  cut  a 
steep  cliff  into  the  north  face  of  the  northernmost  knoll  of  the  ridge,  revealing  till  sheets  buried 
beneath  the  sorted  outwash  deposits.  The  cn  echelon  arrangement  of  the  knolls  farther  upstream 
suggests  individual  but  not  necessarily  successive  development. 

Alden  (l924,  pi.  VII)  relates  the  rnorainal  and  outwash  deposits  of  tiiis  area  to  succeasivc 
stages  of  the  gradual  melting  away  of  the  la.sr  ice  .sheet.  At  each  stage  the  ice  front  remained 
stationary  for  a  considerable  period  before  retreating,  by  inciting,  to  a  slightly  more  northerly 
position. 

3.  Soils. 

in  general  the  soils  of  southern  New  England  are  derived  frorn  materials  left  by  glacial, 
glacial-water,  or  wind  deposition  of  one  kind  or  another.  They  are  chiefly  of  the  Gray- Brown- 
earth  type,  are  slightly  acidic  in  reaction,  and  do  not  have  fully  mature  profiles. 

Little  time  has  elapsed,  geologically  speaking,  since  the  parent  materials  of  most  New 
England  soils  were  deposited.  For  this  and  other  reasons,  including  that  of  repeated  disturbance 
consequent  upon  uprooting  of  trees  by  wind-throw,  the  soils  differ  considerably  according  to 
differences  in  the  parent ‘mate  rial.  The  soil  types  represented  in  Harvard  Forest  may  be  con¬ 
sidered  in  two  groups:  (i)  upland  soils,  derived  laigcly  from  unstratified  glacial  till  deposits, 
locally  covered  and  intermixed  with  loess,  and  (2)  valley  soils,  derived  largely  from  glacial  out¬ 
wash  and  loess,  (Morgan,  1933,  pp.  120-126;  Lutz  and  Ciine,  1947,  pp.  11-15;  and -Simmoris, 
1939). 
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Upland  Soilti, 


,  ^  J  bfony  SoiJft  Undifferentiated.  Many  upland  areas  have  dun  soil  with  much  stone.  Hven 

whe.c  the  soil  layer  is  deep,  the  land  may  1*  ao  sumy  that  little  surface  area  consists  of  soil 
UKcept  that  they  are  excessively  stony,  many  of  these  soils  have  the  same  qualities  as  do  the 
less  Htony  soil  groups  with  which  tltey  are  associated.  AldK>ugh  many  of  the  stony  areas  are 

■v:trH:nSr"  -  --- 

(2)  Up.and  Soils.  The  soils  of  this  group  arc  derived  from  less  stony 

^reat  materiai.  and  consist  chieriy  ol  loams  and  sandy  loams.  Those  which  developed  from 
dcfXisits  containing  much  granitic  and  grauitc-gneiss  material  form  the  Gloucester  aoiU. Those 

high  in  iron  comprise  the  redder  and  more  platy  soils  of  the 
Brookfield  senes.  The  soils  of  l»th  these  series  are  quite  fertile .  but  they  dry  our  quickly 
because  of  porous  subsoils,  <>,  lands  having  less  rapid  drainage,  ow.,^  less  permeabll 
subsoils  a  high  water  table  is  characteristic;  here  the  Whitman  series  is  common.  ^ 

(3;  fjeaviyr  U^nd_^i]^.  In  many  upland  areas  the  parent  material  is  less  stony,  and  -s 
lieavy  ai>d  compact.  The  soils  formed  from  such  material  bcioog  to  the  Chariton  series  They 
letain  moisture  «nd  arc  more  productive  than  either  the  Gloucester  or  Brookfield  soils 

Associated  with  the  Charlton  soils,  but  on  less  wclI-draincJ  lands  are  the  Sutton  soils.  These 
also  arc  highly  productive  both  for  agricultural  use  and  for  forestry. 

b.  Valley  and  Lowland  .Soils, 

(1)  Saiidy  Soils.  As  hag  been  noted,  many  of  the  valleys  in  this  area  have  extensive  de¬ 
posits  of  stratified  glacial  outwash.  forming  broad  terraced  plains.  The  surface  materials 
composing  these  are  mostly  sandy  or  loessiai.  with  little  or  no  utonc  except  where  intermixed 
or  covered  with  materials  brought  downslopc  by  congeliturbation  and  other  proccssca.  They  are 
underlain  by  gravel  or  by  a  ternating  layers  of  sand  and  gravel.  The  common  soil  type  developed 

*  **8^'  -andyloam.  Low  rounded  knolU  and  hummocks^ of 
sand  and  gravel  in  such  areas  form  the  parent  materials  of  the  Hinckley  soils  which  are  some- 

tTtVthriL  d'”’'-!  Hinckley  soils  are  lighter  and  less  productive 

than  the  upland  soils  previously  described.  ^ 

(2)  Pe*t  .Soils.  In  the  l  larvard  Forest  area,  as  clscwhercin  New  England,  peat  boos  are  a 
ratable  feature.  Ihe  soils  of  these  bogs  were  formed  largely  from  organic  materia^  and  are 

lic*on  ^  I  'P^y  be  from  a  few  feet  to  many  tens  of  feet  deep  and  may  or  may 

not  on  a  layer  of  fine  sofi  Iimc  (marl)  deposited  on  the  old  lake  or  pond  bottom  which  the 
bog  occupies.  In  most  places  die  marl  is  underlain  by;^  sand  and  gravel. 

imatc. 

New  E„gl„nd  l,.»  a  cnncinctal  climate  depite  its  proximity  to  die  Atlantic  Ocean  Sum 

rr  *'■'  r"'."'  “''“oW-  The  region  is  in  the  heart  of  the  westerly  wind  belt 

of  the  northern  hemisphere,  in  which  the  upper  air  currents  ^ 

follow  ciicir  regular  roiii  nc  fi  oni  west  to  cast  with  remarkable  persistence  The  coriirol  nf 

In  winter  the  prevailing  wind  from  the  northwcai  m  most  parts  of  New  Engl.nnd,  and  ,n  sum. 
met-  the  prevailing  wind  is  from  the  south  or  southwest.  Because  the  prevailing  wind  blows 
off.shoic  mutii  of  the  year,  the  Atlantic  Ocean  liiia  only  a  slight  influence  upon  temperatures. 

“Thua  i.  follows  that  the  coastal  belt,  except  when  the  wind  blows  onshore  under  genera)  cyclonic  or  anti 
yc  lonic  controls,  or  when  in  summer  local  sea  breezes  occur,  docs  not  differ  very  much  from  the  interior 
c  large  temperature  rapges  of  the  interior  are  carried  eastward  to  the  coast,  ati  even  over  the  ocean  fir‘ 
ZTL  ‘  Nevertheless,  regions  bordering  immediately  on  die  Atlantic  coast  and  especially 

The  o„,horc  wind,  bring  .bnnd.nc  moisture  from  the  Atl.nric  u,  .nnplcn.enr  that  brought  from 
elsewhere,  and  precipitation  is  abundant  at  all  seasons.  ° 
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a.  Temperature. 


In  winter  the  temperature  gradient  from  aouth  to  north  in  New  Bnglnnd  ia  very  steep.  The 
mean  January  temperature  at  New  Haven,  Connecticut,  in  about  28®F,  at  Harvard  Forest  it  is 
about  2I*P,  and  at  First  Connecticut  Lake,  New  fiampshire,  near  the  Canadian  border,  it  is 
about  10*’P.  In  aummer,  when  almost  the  whole  continent  is  warm,  the  temperature  gradient 
is  much  less  steep.  The  mean  .luly  temperature  atNew  Haven  is  72®F,  at  Harvard  Forest,  69®F, 
and  at  First  Connecticut  Lake,  63®F,  Similarly,  the  variability  of  winter  from  year  to  year  is 
greater  than  that  of  summer.  Mean  departures  of  mean  monthly  teniperfituren  in  New  Ht^land 
are  from  about  3P  degrees  to  5F  degrees  in  January,  but  only  about  half  that  much  in  July.  The 
actual  departures,  from  year  to  year,  however,  are  much  greater.  At  Burlington,  Verrrwnt,  cne 
January  (S:**?)  averaged  25P  degrees  warmer  than  another  January  (6 *’P),  The  warmest  July, 
however,  averaged  only  9Pdegreca  warmer  .han  the  coolest  (75®F  and  66°F).  At  Harvard  Forest, 
during  the  period  1938.1947,  the  highest  and  loweut  January  averages  (derived  from  means  of 
weekly  maximum-and  minimum  temperatures) were  24.75®F  (I942)and  12.8°?  (1945)  respective¬ 
ly.  The  liigheat  July  average  (1936-1947),  similarly  derived,  was  68.6“F  (1937),  and  the  lowest 
was  66.3®P  (1939).  As  is  characteristic  of  regions  with  continental  climate.  New  England  has 
experienced  some  particularly  unusual  seasons.  In  1816  summer  was  phenomenally  cold,  and 
the  year  was  remembered  as  "the  year  without  a  summer."  Winter  of  1917-1918  was  remark¬ 
ably  cold,  with  heavy  snowfall.  That  of  1920-1921,  by  contrast,  was  one  of  persistent  mildness. 
The  winter  of  1933-1934  wan  especially  severe.  Certain  kinds  of  temperature  conditions  tend  to 
repeat,  however,  in  successive  years  and  liave  become  traditional.  The  most  notable  of  these 
are  the  January  thaw,  the  May  freeze,  and  Indian  summer  (Ward,  Brooks,  and  Connor,  1936,  p. 
Jl03  and  104). 

The  length  of  the  frost-free  season  differs  considerably  in  New  England,  and  varies  sig¬ 
nificantly  from  year  to  yea:'.  At  Har  vard  Forest  from  1936  to  1947  inclusive,  this  period  between 
the  last  killing  frost  (32°F  or  lower)  in  spring  and  the  first  kitlir^  frost  in  autumn  was  as  short 
as  103  days  (1944)  and  as  long  as  154  days  (1940  and  1942).  The  average  was  137  days  (Spurr, 
1950,  p.  169  ff).  In  most  years  the  length  of  the  frost-frcc  season  has  been  within  10  percent 
plus  or  minus  of  this  average.  The  last  spring  frosts  usually  have  occurred  by  mid-May.  First 
autumn  frosts  usually  have  occurred  by  the  end  of  September, 

b.  Precipitation. 

New  England  precipitation  has  a  more  uniform  monthlydistribution  through  the  year  than 
is  found  anywhere  else  in  the  country  except  possibly  in  the  Pacific  Northwest.  The  climate  is 
humid  at  all  seasons,  and  only  in  the  driest  years  in  a  drouth  condition  even  approached.  The 
autumn  of  1947,  however,  was  exceptionally  dry,  with  a  rainless  period  of  29  days.  The  driest 
years  may  have  only  two-thirds  of  the  mean  annual  precipitation  and  the  wettest  year  one-third 
more  than  the  mean,  but  in  general  the  hazards  to  agriculture,  from  too  little  or  too  much  rain¬ 
fall  at  any  given  time,  are  less  than  in  other  parts  of  the  country.  Most  months  average  at  least 
10  days  with  precipitation:  and  the  spring  months  average  more.  The  precipitation  at  Harvard 
Forest  during  the  driest  year  of  record  (1913-1948)  was  27.3  inches  (1941);  and  during  the 
wettest  year  it  was  60.1  inches  (1938).  The  36-year  average  of  annual  precipitation  was  42.36 
inches  (op.  cit.). 

Moat  of  the  rainfall  comes  from  the  passing  cyclonic  storms  or  "Iowb."  So.me  of  it  cornea 
from  thunderstorms,  which  average  about  25  each  year;  of  these,  two-thirds  occur  in  summer 
(June-Augudt).  Hail  srorms  are  rare  in  New  England,  and  few  places  average  one  per  year. 

c.  Snow-Cover. 

Moat  interior  portions  and  many  coastal  areas  of  New  England  have  a  sevcral-moiiths-Jong 
period  of  continuous  snow-cover  in  most  winters  .The  length  of  the  season  with  snow-cover  varies 
greatly  from  place  to  place  and  is  influenced  by  differences  in  elevation,  topographic  form,  veg¬ 
etative  cover,  land-water  relationships,  exposure  to  sunlight  and  prevailing  winds,  and  by  other 
factors.  Although  the  season  is  generally  longest  in  those  areas  which  receive  the  heaviest  total 
snowfall,  it  is  equally  long  in  many  sections  with  lighter  snow-cover  but  which  come  under  the 
influence  of  large  nearby  lakes  or  the  ocean.  The  actual  depth  of  snow-cover  at  its  annual  max¬ 
imum  increases  northward  and  with  altitude  (Stone,  1940,  p.  676.). 
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Table  i  shoira  the  average  ieiigtJi  of  Meai>on  wicli  anow. cover  of  variouit  depth*  at  nelectcd 
New  England  ■tattonH  in  representative  type  locations  cited  by  Stone  (op.  cit.,  pp.  676,  683..687; 
also  Stone,  1944,  pp.  877-880).  It  will  be  seen  from  this  table  that  altitough  differences  in  lati¬ 
tude  are  significant  in  determining  differences  in  the  depth  of  snow -cover  and  the  length  of  the 
season  of  snow-cover,  other  factors,  particularly  elevation,  arc  of  even  greater  significance. 
In  general,  stations  in  northern  Nci^  England,  both  coastal  and  inland,  have  somewhat  deeper 
and  longer  lasting  snow-cover  than  do  stations  incomparable  topographic  situations  in  southern 
New  England. 

In  most  years  at  upland  stations  in  centra!  Massachusetts,  snow  usually  falls  by  earlv  No¬ 
vember,  but  the  first  snows  quite  commonly  melt  away.  A  continuous  'snow-cover  is  common 
from  late  November  to  about  mid-Harch.  One  or  more  heavy,  but  sometimes  fast-disappearing, 
snowfalls  may  occur  later  in  March  or  in  April.  On  the  average,  three  or  more  ice  and  sleet 
storms  occur  every  year. 


TABLE  I 


AVfiRAGli  UJNCni  OE  SEASON  OF  SNOW-COVUK  01'  VARIOUS  DEPTHS  IN  NEW  ENGLAND 


Gttirrsl  raiyea  cntinisted  from  iHOplcth  tnapii  in  Sionc,  1944.  pp.  877-880. 
Station  data  adapted  from  Stone,  1940,  pp.  683-687. 


SOUTHERN  NEW  ENGLAND  Elev. 


Deptfi  of  Snow-Cover 
5  in.  10  in.  IS  in. 


20  in.  30  in. 


Cojaiid  jmdJLowland 
General  Kangr 

Haverhill,  Maaa.  SO 

Brockton,  Maaa.  110 

Springfield,  Maaa.  199 

Arrihei'fit,  Alana.  2  17 


Wceka  of  Duration  (Uauaiiy  Conaecucive) 


5-  10 
12 

4 

8 

10 


0.  5 
2 
0 
4 

6 


0 

0 

0 

0 

0 


Eaatcrn  Upland 


General  Range 

10.15 

5-  10 

0-5 

0 

0 

0 

Worccatcr,  Ma«N. 

625 

14 

6 

0 

0 

0 

0 

Aahhiirnliaiii,  MaMH. 

1008 

14 

8 

4 

0 

0 

c 

Rutland,  Mana, 

1  160 

14 

6 

0 

0 

0 

0 

E.  Templeton,  MaaH. 

1200 

16 

6 

2 

0 

0 

0 

WcarcMi  Upland 

General  Range 

10-20 

5-15 

5-  15 

0-  10 

0-  10 

0 

fVjOAac  Tunnel,  MaH«. 

800 

14 

12 

8 

4 

0 

0 

PiitHficId,  MaNfi, 

1037 

8 

2 

0 

0 

0 

0 

Whicingharn,  Vt. 

1450 

18 

12 

10 

4 

0 

0 

Scarnburg  Mt.,  Vt, 

NORTHERN  NEW  ENGLAND 

2  360 

201 

16 

14 

12 

10 

0 

CoaBial  and  l-owland 


General  Range 

10-15 

5-15 

0-  10 

0 

0 

0 

Bar  Harbor,  Me. 

20 

15 

10 

4 

0 

0 

0 

Old  Town,  Me. 

108 

14 

12 

1 

0 

0 

0 

iWlf.iHt,  Me. 

165 

15 

1  2 

8 

0 

0 

0 

Cornwall,  V i. 

504 

14 

8 

2 

0 

0 

0 

liiicrmcdiatc  UplandH 


General  Range 

!5-25 

1 0-20 

10-15 

5-  15 

0-  10 

0-5 

Aidiland,  Me. 

605 

20 

16 

14 

10 

6 

b 

Grafton,  N.ll. 

863 

lb 

1  3 

9 

4 

0 

0 

KtpogcrniN,  Me. 

965 

22( 

17 

lb 

14 

1  7 

8 

Chcluea,  Vt. 

1 070 

20 

16 

12 

6 

6 

0 

Highian^ 


General  Range 

c 

o 

15-25 

10-20 

10-15 

5-15 

0-5 

Garfield,  Vt. 

1300 

20 

18 

16 

12 

6 

0 

Mifidlc  Dam,  Me. 

14.30 

20 

IC 

16 

14  . 

10 

0 

Pittsburg.  N.l  1. 

1660 

24  4 

20 

16 

14 

12 

6 

Mt.  Washington,  N.H. 

6280 

24-1 

20 

14 

10 

4 

0 

13 


At  Harvard  Forest  the  average  yearly  snowfall  totals  about  50  inches,  although  it  may  vary 
from  less  than  half  to  more  than  twice  this  amount.  Local  differences  in  depth  of  snow-cover  as 
observed  during  the  period  of  the  study,  and  the  significance  of  snow-cover  to  forest  growth  at 
Harvard  Forest,  will  be  discussed  in  Chapter  IV. 

d.  Sunshine  and  Cloudiness. 

New  England  is  one  of  the  cloudiest  parts  of  the  United  Stares,  I  he  mean  annual  cloudiness 
for  the  greater  part  of  central  New  England  average-s  between  45  percent  and  55  percent.  Cloud¬ 
iness  is  somewhat  greater  than  this  over  northern  New  England,  especially  in  highland  a  rear., 
also  over  the  easternmost  part  of  the  Maine  coast  and  over  the  industrial  region  of  eastern 
Massachusetts.  At  most  stations  in  New  England,  April  is  often  the  cloudiest  month  and  October 
18  the  least  cloudy.  The  average  difference  between  the  two  months  at  each  station  is  Icsn  than 
20  percent.  In  the  Harvard  Forest  area,  during  the  period  1935- J939,  cloudiness  in  January 
averaged  slightly  more  than  50  percent,  in  April  almost  OO  percent,  in  July  about  45  percent, 
and  in  October  about  40  percent.  In  April  about  8  days  were  clear  and  14  or  moi  c  were  cloudy. 
In  October  about  14  days  were  clear  and  10  or  Itss  were  cloudy  (l.ivcraiKe  and  BrocJts  1943 
pp.  263-273). 

Maps  by  Visher  (1944,  pp,  73-75)  show  that  in  the  Harvard  I'orcst  area,  on  the  average, 
about  one-third  of  the  days  each  year  arc  cloudless,  alx>ut  one-third  arc  partly  cioudly,  end  onc- 
chird  arc  cloudy.  The  average  number  of  hours  of  sunshine  per  summer  day  is  almost  9  hours, 
and  per  winter  day  hardly  5  hours. 

Despite  the  great  number  of  cloudy  or  partly  cloudy  d-sys.  New  England  has  much  sunshiny 
weather.  In  the  interior  the  annual  percentage  of  total  possible  sunshine  18  45  to  50  percent. 
Many  coastal  stations  in  southern  New  England  have  a  somewhat  higher  percentage  of  sunshine 
(Liverance  and  Brooks,  1943,  pp.  272-274).  Even  during  months  when  cloudiness  is  most  conimon, 
and  in  winter,  when  the  percentage  of  possible  sunshine  is  greatly  reduced,  many  days  arc  bright 
and  sunny,  and  are  followed  by  clear,  crisp,  starlit  nights. 

e.  Weather  Changes. 

It  IB  proverbial  that  New  England  weather  is  subject  to  frequent  and  n  ked  changes  from 
day  to  day.  Suchchanges  are  consequent  upon  the  passage  of  the  cyclones  a  anticyclones  mov¬ 
ing  eastward  across  the  region.  These  lows  and  "highs"  .ire  more  nun,  /oiis,  larger,  more 
active,  and  move  faster  in  winter  than  in  summer.  This  accounts  for  the  more  frequent  and 
more  marked  changes  of  wind  and  weather  in  winter  iht.fi  in  tiurniiier.  1  lie  winds  blowing  out¬ 
ward  from  the  highs  and  toward  the  centers  of  lows  differ  greatly  in  temperature  and  in  mois¬ 
ture  content,  according  to  differences  in  places  of  oi'igin,  direction  in  which  they  blow,  and  the 
speed  at  which  they  blow. 

In  winter,  northwest  winds  are  likely  to  be  dry  and  very  cold,  since  they  come  from  the 
continental  interior.  Such  winds  may  cause  the  temperature  to  fall  as  much  as  30F  degrees  in 
24  hours,  and  may  reduce  the  temperature  to  -15°r  or  lower.  These  clearing  and  cooling  winds 
are  associated  with  cold-front  conditions;  often  they  set  in  suddenly  after  a  period  of  rain  or 
snow  associated  with  damper  and  relatively  warmer  winds  blowing  inland  from  the  ocean  on  the 
south  and  east.  Summer  cool  spells  are  similarly  caused  by  northwest  winds. 

Both  in  winter  and  summer  the  warmest  weather  is  usually  brought  by  southwesterly  and 
westerly  winds,  blowing  out  of  high-pressure  areas  centered  over  lower  latitudes  or  over  the 
warmer  interior  of  the  continent.  These  unseasonably  warm  conditions  break  the  severe  cold 
spells  of  winter,  but  in  summer  they  cause  the  weather  to  be  hot,  muggy,  and  uncom.‘'ortablc . 
Every  summer  has  such  heat  spells,  but  many  summers  have  relatively  few. 

Northeast  winds  blowing  onshore  from  an  anticyclone  centered  over  die  ocean  also  bring 
rain.  In  winter  and  spring  fheir  effect  is  to  make  the  weather  damp  and  chilly  or  even  cold. 
Some  of  the  heaviest  rains  and  snowstorms  are  caused  by  these  northeast  winds  (Ward,  Brooks, 
and  Connor,  1936,  p,  Jl79). 

In  summer  the  highs  and  lows  are  pr  ly developed  and  move  more  slowly.  In  general  they 
are  much  weaker,  except  when  modified  h  Vest  Indian  hurricanes  moving  northward  and  north¬ 
eastward  over  the  ocean  in  late  summer  oi  autumn.  The  changes  induced  by  the  eastward  move¬ 
ment  of  summer  cyclones  are  less  emphatic  than  those  of  winter.  Winds  may  be  quite  variable, 
but  the  prevailir^  south  and  southwest  wind,  though  light,  blows  quite  steadily  for  long  periods. 
Temperature  changes,  too,  are  of  a  smaller  order  than  in  winter.  On  the  whole,  summer  weather 
is  calm  and  peaceful,  though  broken  occasionally  by  squall  winds  which  come  out  of  thunder¬ 
storms  and  cause  sharp  drops  in  temperature. 
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Spring  and  autumn  arc  BcanonHof  iranHition.  I  hey  differ  confiidcrnbJy  m  detail  from  year  to 
year,  but  in  general  have  much  changeable  weather.  March  often  han  much  gusty  and  unpleasant 
weather  alternating  with  fine  spells.  April  tends  to  be  milder  but  wetter.  Durtng  September, 
which  is  very  changeable,  summer  gives  way  to  fall,  but  October  often  has  a  long,  fine  golden 
spell  of  “Indian  Summer'  before  another  changeable  period  sets  in  and  winter  approaches, 

f.  Summary  of  Weather  Conditions  durtng  Period  of  Study. 

A  brief  summary  of  weather  conditions  from  August,  1947  through  July,  1948,  the  period 
durtng  which  the  study  here  reported  was  made,  will  be  found  in  Section  3  of  Chapter  IV,  Find¬ 
ings  and  Analysis. 

5 .  Vegetation. 

The  Harvard  Forest  is  in  the  transition  zone  between  the  northern  forest  and  the  central 
forest  ofeasternUnitedStates.  Tiie  dominant  trees  of  the  northern  forest  are  white  pine,  spruce, 
fir,  beech,  yellow  and  paper  birch,  and  sugar  maple.  The  central  forest  originally  consisted  of 
many  species  of  oak,  hickory,  and  other  hardwoods,  notably  chestnut.  The  chestnut  has  been 
practically  elindnaied  by  blight.  The  transition  zone  in  New  England  includes  most  of  the  species 
common  ir  each  of  the  two  bordering  forest  types.  In  addition,  the  transition  zone  includes  much 
more  white  pine,  hcmlc»ck,  red  maple,  and  red  oak  than  is  common  in  the  northern  forest, 
altltough  these  are  essentially  northern  species,  and  much  more  white  ash  than  is  common  in  the 
central  forest,  of  which  ash  is  an  important  component. 

In  the  transition  zone,  the  northern-forest  species  arc  common  m  the  cool,  shaded,  or  other¬ 
wise  less  favored  situations,  and  the  central  forent  species  arc  most  common  on  the  warmer 
southern  and  western  slopes. 

■Por  example:  mi*ed  stands  of  white  pine,  hemlock, beech,  birch,  and  maple  on  cool  northci  n  sites  contrast 
with  oak  and  hickory  on  sunny  upper  slopes,  with  pitch  pine  on  light  outwash  soils  (sand  plains),  with  spruce 
and  larch  in  sphagnum  bogs,  and  red  maple  and  white  ash  growing  in  swales.  It  in  on  the  intermediate  sites, 
middle  elevations,  and  moderate  exposures  that  intermingling  of  the  northern  and  central  species  occurs 
to  the  maximum  degree;  in  such  placco  it  is  not  uncommon  to  find  as  many  as  twenty  different  species, 
softwoods  and  hardwoods,  growing  together*  (Lutz  and  Cline,  1947,  p.  15). 

In  the  pre -colonial  forest  many  of  these  general  relationships  of  stand-type  to  site  char¬ 
acteristics  were  essentially  the  same  as  today,  although  the  common  species  probably  were  not 
repiesented  in  the  same  proportions  at  all  times.  Fisher  (1933,  p.  215~216)  has  described  the 
;inds  of  changes  which  took  place  in  this  prc-colonial  forest  as  follows: 

"...  we  find  evidence,  even  with  no  human  factor  b  in  operation  but  the  aboriginal  Indian,  that  there  must  have 
been  over  long  periodu  impor^nt  changes  in  the  dintribiition  of  species  and  the  character  of  the  forests  with¬ 
in  etch  of  our  climatic  regions.  Urdoubtedly  forest  fires  arc  more  prevalent  und  dcBtructivc  today  than 
when  the  Pilgrims  landed;  bur  there  IB  cnnvincirtg  evidence  that  everywhere  fires  were  of  periodic  occurrence 
both  from  the  practice  of  the  Irulians  and  occasionally  from  lightning....  In  addition  to  fires  it  is  only  nec¬ 
essary  to  consider  longer  stretches  of  time,  such  as  centuries  or  more,  to  find  unmistakable  signs  of 
other  destructive  agencies:  wmd-dirow,  generally  occurring  on  uplands  of  exposed  ridges  and  often  prostrat¬ 
ing  large  areas  of  trees;  lightning,  which  sometimes  kills  a  dozen  or  fiftern  trees  with  one  bolt;  ice  storms, 
shattering  many  acrcB  of  tree  tops;  and.  probably  in  the  wake  of  theiie,  fluctuating  attacks  from  injurious 
forest  insects  or  disease.  It  is  likely,  especially  on  drier  and  more  exposed  sites,  that  such  periodic 
calcmitics  as  these,  upsetting  for  a  time  and  sometimes  over  large  areas  the  eguilihrium  of  tree  species, 
were  collectively  the  mostpowcrful  influence  governing  prc-colonial  forest  history.  Without  the  recurrences 
of  fires  we  should  not  have  had  the  heavy  forests  of  pine  in  central  New  England  reported  tn  some  localities 
by  the  early  settlers,  it  is  likely  also  that,  without  these  periodic  upsets  providing  breaks  and  exposures  in 
the  ancient  forests,  many  of  our  short-lived,  light-seeded  species  such  as  gcay  birch,  pin  cherry,  and  aspen 
would  have  been  even  more  rare  and  restricted  in  distribution  than  they  artually  were  in  the  original  forest. 
Thus,  while  areas  of  big  timber  certainly  predominated  in  the  early  forests  as  traversed  by  the  pioneers, 
there  must  also  have  occurred  many  areas  where  reversions  to  jounger  woods  or  shorter-lived  species 
were  in  progress.' 

Careful  field  study  at  Harvard  Forest,  combined  with  study  of  early  descriptive  writings 
and  of  land  titles  dating  back  to  the  original  white  settlement  of  the  Petersham  area,  gives  a- 
bundant  evidence  that  many  of  the  present  forest  types  characteristic  of  particular  kinds  of 
natural  sites  are  cssentjally  the  same  types  that  were  common  on  those  kinds  of  sites  in  the 
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pre-coloni«lpc^*iod(Raup8nd  Carlson.  1941).  Field  analyais  of  present-day,  old-growUi  forestB 
known  to  have  been  left  undisturbed  by  man  since  prc -colonial  times  gives  added  confirmation 
to  such  :oncluBions  (Cline  and  Spurr,  1942). 

t).,  i.fnd-Uae  History. 

The  Eastern  Upland  was  settled  relatively  late  in  the  Colonial  period,  well  after  a  consider¬ 
able  development  had  taken  place  in  the  coastal  regions  to  the  east  and  in  die  Connecticut  Valley 
and  other  lowlands  to  the  west. 

"Settlrmcnt  iraa  begun  in  Petersham  in  1713.  and  diereafter  the  land  was  parceled  out  in  five  different 
divisions,  from  1733  to  1770.  Certain  poriia.ui  of  the  Harvard  Porcst  properties  were  among  those  in  the 
first  division,  and  were  cleared  for  farming  at  an  early  date;  others  were  in  the  later  divisions,  and  clear¬ 
ing  wan  delayed  or  never  made.  The  process  of  land  clca^'ing  did  not  proceed  at  a  rapid  pace  in  the  begin¬ 
ning,  because  the  community  was  isoiated  and  an  exchange  of  produce  witJi  other  communities  was  impossible 
Only  enough  food  and  other  essentials  were  produced  to  satisfy  local  needs,  Not  until  the  cany  part  of  the 
19th  century,  when  neighboring  towns  had  become  more  heavily  populated  and  industrialized  and  iniercom- 
munal  roads  had  been  built,  did  the  clearing  of  die  land  fer  cultivation  gain  impetus*  (Lutz  and  Ciinr,  1947, 
p.  15- lb,  aummarizing  Raup  and  Carlson,  1941,  p.  17-21). 

in  the  1840*8,  agnculnsrc  reached  its  greatest  development.  Even  then  not  more  than  15 
percent  of  the  land  was  tilled,  although  much  more  was  cleared  for  pasture  and  upland  mowing 
(Raup  and  Carlson,  1941,  p.  26).  Actual  woodland  may  have  been  reduced  to  as  little  as  20 
percent  or  less  of  the  total;  this  period  of  maximum  agricultural  land-use  continued  for  about 
ten  years. 

*Many  factors  contributed  to  the  next  stage  in  land  history  —  farm  abandonment.  The  lure  of  higher 
wages  in  the  growing  industrial  centers,  the  declining  fertility  of  the  local  soils,  the  opening  up  of  the  Middle 
West  with  its  vaststreichesof  highly  fertile  land,  and  the  discovery  of  gold  in  California  all  had  their  effect. 
Farm  abandonment  started  on  a  large  scale  about  1450,  and  has  proceeded  at  a  variable  rate  up  to  the 
present  time... 

"The  natural  seeding  in  of  white  pine  on  the  thousands  of  abandoned  fields  and  pastures  throughout  the 
region  ushered  in  the  old-field  white  pine  era,  one  of  the  most  unexpected  and  productive  in  land-use  history. 
This  gratuity  of  nature  completely  reversed  the  downward  trend  in  lumber  production.  Large-scale  logging 
operations  in  old-field  white  pine  started  about  189U,  and  reached  a  peak  in  1909.  Thin  twenty-year  period 
probably  witiiessed  the  most  intensive  lumbering  operstionu  in  the  history  of  the  region.  Pine-using  in¬ 
dustries  sprang  up  in  many  of  the  larger  centers,  and  portable  sawmills  dotted  the  landscape.  Clear-cutting 
vas , universally  practiced*  (Lutz  and  Cline,  1947,  p.  17), 


During  this  period,  soitic  farming  continued,  especially  on  better  lands  accessible  ic  roads. 
Many  farms,  however,  were  bought  by  city  residents  to  be  used  only  as  "summer  places”.  On 
a  few  such  places  some  farming  was  done  by  owners  or  caretakers,  but  on  many  places  the  land 
reverted  to  forest.  Petersham  became  the  center  of  a  quiet  but  substantial  summer  colony. 
Later,  as  auto  tourism  developed,  resorts  of  the  Petersham  type  experienced  partial  decline. 
But  the  automobile  also  made  it  possible  for  people  to  live  farther  from  their  work;  in  recent 
years  many  permanent  residents  of  Petersham  have  found  ic  possible  to  commute  dally  to  work 
in  nearby  industrial  and  commercial  centers,  particularly  Athol  and  Worcester;  newcomers 
also,  who  work  in  the  cities,  have  settled  in  the  village  and  in  the  surrounding  country. 

Both  agriculture  and  logging  declined  during  the  first  third  of  this  century  and  became  sub¬ 
ordinate  to  urban  manufacturing  an:!  .  uiTimerce  and  to  recreation  employment  as  sources  of  in¬ 
come  for  residents  of  Petersham  Township.  Forest  and  woodland  increased  steadily  in  extent. 
For  the  most  part,  however,  these  stands  received  little  or  no  silvicultural  treatment,  and  their 
quality  deteriorated  steadily.  ^ 


"  The  stands  following  the  clcar-cutcing  of  old-field  pine  on  the  better  soils  were  composed  largely  of  a 
mixture  of  hardwoods  of  advance  growth  origin  together  with  hardwoods  which  seeded  in  after  logging.  Thus, 
the  next  stage  in  local  forest  history,  predominant  to  the  present  time,  is  cliaracterizcd  by  mixed  hardwoods, 
even-aged  in  form  and  mostly  single-Htcmmcd. 

"When  the  stands  following  old-field  pine  are  clear-cut  for  fuel  wood,  ,th  has  often  been  the  case  m  re- 
cent  years,  the  next  stage  is  hardwood  coppice  composed  of  coarse  stump  sprouts,  markedly  inferior  m 
quality  to  t.he  preceding  generation  .Tnd  comparatively  unsusceptible  to  improvement  by  silvicultural  mcas. 
ures.  In  some  places  a  second  regeneration  of  coppice  now  occupies  the  land  and  detcrior.ition  of  the  grow¬ 
ing  stock  has  reached  a  new  low.  Over  a  period  of  slightly  more  dian  200  years,  since  the  first  seitlcnicnt 
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■nil  the  beffinning  of  land  clearing,  virgin  sawciniber  ol  line  composition  and  quality  has  been  replaced  Ly 
rank-growing  atnnip  sprouta  and  weed  spectea  auitablc  only  for  fuel  wood  and  tnmilar  products*  (l.uiz  and 
Cline,  1947,  p.  17). 

The  managed  lands  in  the  Harvard  Forest  were  developed  in  differing  ways,  depending  upon 
the  silvicultural  practicev  employed.  When  the  Forest  was  established,  much  of  the  land  .vas  in 
old. field  pine,  but  most  of  this  has  since  been  logged  off  and  now  has  young  growth  in  various 
stages  of  development.  Many  idle  fields  and  pastures  which  were  open  land  in  1908  were  planted 
with  conifers,  particularly  in  the  Prospect  Hill  Tract.  Some  parts  of  the  Forest,  particularly  in 
the  Slab  City  Tract,  today  have  a  fine  growth  of  timber.  The  hurricane  of  September  21,  1938, 
wrought  great  havoc  on  exposed  slopes.  On  almost  all  forest  lands  which  it  devasuted,  hard, 
wood  species  are  now  in  the  ascendancy. 

7.  Present  Status.  Major  Problems,  and  Potentialities. 

On  the  upland  ridges  of  Petersham  today,  as  well  as  on  the  ridges  and  broad  valley  plains 
of  bordering  townships,  some  large  farms  and  a  considerable  number  of  smaller  farms  are 
operated.  Some  of  the  sea  re  productive  enough  to  provide  the  full  support  of  the  families  occupy, 
ing  them.  In  Petersham  Township,  however,  full-time  farmers  are  the  exception.  Many  of  the 
operating  farms  are  part-time  enterprises.  The  owners  or  tenants  of  these  supplement  their 
farm  income  with  wages  earned  in  nearby  cities,  to  which  they  commute  daily.  Others  work 
part-time  for  one  or  the  other  of  numerous  families  who  own  summer  property  in  or  near  Peter- 
sham.  Still  others  operate  small  businesses  serving  tourists  or  resorters,  or  work  for  the 
township  or  other  government  agencies.  The  larger  farms  are  primarily  dairy  farms,  withgen- 
eral  mixed  farmii^  providing  feed  crops  for  livestock  and  partial  subsistence  for  the  family.  On 
many  farms  a  secondary  cash  product,  such  as  poultry,  or  vegetables,  or  fruit  is  produced  in 
significant  amounts,  but  the  emphasis  is  chiefly  upon  dairying.  Hay  and  silage  corn  are  the  chief 
field  crops,  and  permanent  pasture  occupies  a  large  portion  of  the  cleared  land.  Pew  farms  are 
without  large  blocks  of  woodlot.  The  forest  provides  fuel  for  the  family  and  additional  fi’.ewood 
to  sell  in  town  or  city.  Only  a  few  stands  of  forest  undergo  any  cutting  for  lumber  purposes  in 
a  given  year. 

Less  than  half  the  township  is  included  in  farms  actually  in  operation  as  c  farm,  and  less 
chan  half  the  land  on  these  farma  is  cleared.  Less  than  20  percent  of  the  land  in  farms  is  in 
harvested  crops,  including  hay.  About  the  same  amount  or  slightly  more  is  pasture.  The  rest  is 
woodlani  ,  All  told,  75  percent  or  more  of  the  I'own  of  Petersham  is  woodland.  Although  the 
Town  of  Petersham  may  be  considered  unusual  because  the  Harvard  Forest  lands  compose  about 
ten  percent  of  the  total  town  area,  the  figures  given  are  rcprescnt.itive  of  many  townships  in  this 
part  of  New  England  (Davis.  1933.  pp.  I18-1G7,  esp.  pp.  142,  143,  146,  147,  150,  and  151) 

Actually,  the  rural  economy  of  much  of  southern  New  England  is  being  strengthened  by  the 
present-day  development  of  part-time  farming,  and  at  least  a  sligiu  increase  in  land  in  farms 
might  reasonably  he  expected.  It  is  hardly  likely,  however,  that  very  much  of  the  present  wood¬ 
land  will  be  cleared  for  agricultural  use  under  present  conditions.  These  woodlands  now  repre¬ 
sent  the  most  extensive  type  of  land  use  in  many  townships;  but  at  present  they  are  one  of  the 
least  remunerative  resources.  The  problem  of  increasing  their  quality, -is  sources  of  timber  for 
local  industry,  and  their  beauty  as  forests,  to  be  appreciated  by  visitors  and  local  residents  alike, 
is  obviously  of  primary  importance, 
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l  111  .  Ml' n  iOUOLOG'i 


1 .  BstabUsliment  and  Uxpanaton  cf  Station  Network. 

a.  Summer,  1947. 

The  study  was  begun  as  a  suimner  research  project  in  July  ol  1947.  Siaiions  were  estab¬ 
lished  at  that  time  in  a  line  eatending  from  Petersham  Center  westward  into  the  Tom  Sw;!mp 
Tract.  These  stations  were  all  of  the  small -shclici  type.  Most  of  the  shelters  were  fastened 
on  tree  trunks,  on  the  north  side.  In  order  from  cast  to  west  these  stations  were  (I'igure  6); 
Petersham  (Nichewaug),  Hast  Hill,  Frail  Fork,  Stream  Crossing,  Hemlock  liasc,  Harvard  Hill, 
Grovel  Hill,  Mill  Point,  and  Tom  Swamp.  Weekly  maximum,  and  minimum- temperature  rcail- 
it^s  were  taken  at  each  station.  In  addition,  a  conrinuous  thermograph  record  was  obtained  at 
Harvard  Hill  and  Tom  Swamp.  Owir^  to  the  contrasted  nature  of  ihe  sites  of  these  stations,  the 
rcaJiiigs  obtained  were  strikingly  different. 

In  order  to  supplement  the  data  gathered  at  the  stations,  a  few  rapid  traverses  were  made 
on  clear,  relatively  windless  afternoons,  to  obtain  maximum-temperature  readings  at  other 
points.  Similarly,  several  rapid  traverses  were  made  on  calm,  clear  nights,  during  the  three- 
hour  period  preceding  sunrise,  to  obtain  m iminuin -temperature  readings.  Fhese  minimum- 
temperature  traverses  were  more  extended,  with  check  readings  taken  at  several  crossing 
points  in  the  course  of  each  traverse.  Most  of  the  day  traverses  and  all  the  night  traverses  were 
made  by  automobile.  Readings  were  taken  about  fifty  feet  ahead  of  the  car  at  each  stopping  point, 
and  were  taken  at  least  twice  to  verify  the  value  obtained. 

The  results  obtained  from  this  summer  project  were  sufficiently  interesting  to  make  it 
appear  worthwhile  to  increase  the  numlvr  of  stations  to  form  a  network  in  contrasted  parts  of 
each  of  the  three  main  tracts  at  Harvard  Porc.st,  and  to  continue  the  project  for  a  full  yea.". 

b.  Autumn,  1947.  * 

During  the  autumn  of  1947,  some  fifteen  mmimum-thermomcter  stations  were  established, 
including  one  at  the  highc.st  point  in  the  Forest  (Prospect  HiJl,  1383  feet),  one  at  a  point  lower 
than  any  in  the  Forest  (Swift  River  Power  Line  Crossing,  590  feet),  and  others  on  hilltops  and  in 
representative  swales  at  intermediate  elevations.  At  these  stations  the  thermometers  were 
wired  between  branches  of  trees  or  otherwise  suspended  in  the  open.  Such  stations  arc  dcsig- 
nated  in  this  report  as  unsheltered,  or  nonsheltered,  stations,  to  indicate  that  the  instruments 
were  not  placed  in  instrument  shelters.  The  sites  of  some  of  these  stations,  however,  are  part¬ 
ially  sheltered  by  vegetation  or  by  topography. 

c .  Winter.  1947-194  8. 

In  late  autumn  the  University  received  10  war-surplus  shelters  of  the  standard  Weather- 
Bureau  type,  which  were  made  ava.TahIc  for  use  at  Harvard  Forest.  Permanent  supports  were 
constructed  for  these,  and  stations  were  established  at  selected  points,  many  of  them  where 
particularly  interesting  long-time  silvicultural  studies  are  being  made.  Inaddition,  15  standard 
shelters  and  supports,  of  the  Army  Signal  Corps  knockdown  type,  were  provided  by  The  Quarter¬ 
master  General,  United  States  Army,  for  the  period  of  the  study.  These  were  assembled  at  the 
Forest  Headquarters  and  were  .set  up  in  various  contrasted  locations.  By  mid-December  a  net¬ 
work  of  3i  sheltered  stations  and  14  nonsheltered  stations  was  in  operation.  Flic  Harvard 
f'orest  woods  crew  gave  invaluable  help  on  numerous  occasions  in  cscablishinp,  this  network  and 
in  dismantling  stations  upon  completion  of  the  project.  In  a  few  places  standard  .shelters  were 
set  up  where  smaller  shelters  were  already  in  use.  After  a  few  weeks  during  which  readings  were 
taken  for  check  pu rpo.ses  from  instruments  in  both  shelters,  the  smaller  shelters  were  moved  to 
new  location.s  (Harvard  Hill  to  Chestnut  Grove;  Petersham  to  Irail-sidc  Swale). 

As  the  network  increased  in  size  it  became  necessary  ro  use  two  days  a  week  to  obtain 
readings.  After  the  heavy  snows  had  set  in,  in  late  December,  it  became  necessary  to  devote 
three  days  per  week  to  taking  readings,  a  separate  day  for  each  mam  tract.  This  introduced  an 
element  of  non- simultaneity  into  the  data,  but,  a.s  will  be  ju.stificd  later,  it  was  considered  de¬ 
sirable  to  obtain  the  greatest  number  of  records. 
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During  notnc  nrcckM  in  winter  ii  waci  not  pofifiiblc  to  reach  all  (tiations  in  die  'I'om  Swamp 
Tract  in  the  courne  of  the  day;  and  aeveral  MtacionN  near  otherw  from  which  un  interpoiativc 
value  could  be  taken,  if  dcNircd,  were  akipped.  No  interpoiativc  data  arc  given  in  the  lables, 
however,  for  thonc  itiaitonN  (chiefly  Eaat  Hill,  Gravel  Hill,  and  Red  Pine  Ridge).  A  few  non- 
hiicltcrcd  niinirnurn  thermometer  ntationit  in  inoliitcd  locationn  in  all  three  tracts  were  read  only 
once  a  month  in  winter  (Clioate  Farm  Hill,  Pierce  Road  Swale). 

d.  Spriftg  and  Summer,  1948. 

For  Morr.c  IcHK  Bccestiihlc  places,  it  had  not  been  possible  during  winter  to  establiuh  sta¬ 
tions  as  had  been  planned.  In  spring  these  stations  were  added,  chiefly  in  the  Prospect  Hill 
Tract.  At  two  of  these  (Northwest  Midslopc,  Lower  Spruce -Hardwood)  the  instruments  were 
housed  in  Weather-Bureau  type  shelters.  In  addition,  five  more  shelters  were  built  to  fasten 
to  trees.  Although  smaller  than  the  standard  shelters,  they  arc  of  considerable  size  and  will 
house  several  kinds  of  instruments  and  still  be  amply  ventilated.  Some  of  these  were  placed 
in  new  locations  (Little  Prospect  Hill,  Big  Spruce  Swamp,  Nelson  Brook  Flat).  Two  were 
placed  at  stations  where  particularly  small  shelters  were  already  in  use,  housing  only  a  Six- 
type  max -min  thermometer  (Hast  Hill  and  Mill  Point).  The  larger  shelters  were  installed  in 
order  to  obtain  checks  as  to  instrumental  and  shelter  comparability.  ^ 

In  the  course  of  the  project  as  a  whole,  a  few  stations  were  discontinued  in  order  to  make 
instruments  available  for  use  at  other  places  with  unusual  charccteristics.  The  period  of  re¬ 
liable  operation  of  each  station  can  be  determined  by  reference  to  the  tables  of  basic  data  in 
Appendixes  B  and  C. 

Readings  were  taken  from  August  1947  through  July  194  8,  to  get  a  full  cwelve-monrha*  record 
including  a  coldest  and  a  hottest  month. 

2.  Instrutnenution  for  Temperature  Measurements. 

a11  instruments,  except  the  exposed  minimum  thermometer  at  bush  height  at  Tom  Swamp, 
wer,;  pieced  at  heights  of  five  to  seven  feet  from  the  ground.  Thermometers  in  shelters  were  at 
a  height  of  five  to  six  feet. 

In  winter,  at  every  station  where  any  likelihood  existed  of  the  snowcover  becoming  excep¬ 
tionally  deep,  the  snow  within  a  radius  of  15  feet  of  the  shelter  was  tramped  down  each  week. 
Where  necessary,  broad  exits  also  were  tramped  out  leading  to  lower  ground,  in  order  to  fac- 
ilitate  cold-air  drainage  and  thereby  minimize  the  probability  of  abnormally  low  temperatures 
within  the  artificially  created  shallow  basin  occupied  by  the  shelter.  At  no  station  were  any 
inatruinents  in  the  shelter  ever  less  than  40  inches  from  the  surface  of  the  snow-cover,  and 
very  few  instruments  were  ever  less  than  four  feet.  All  readings  may  therefore  be  considered 
to  be  “standard'^height  readings."  The  general  effect  of  snow-cover  upon  temperatures  will  be 
discussed  in  Chapter  IV. 

a.  Weatlier  Bureau  and  Six-Type  Max-Min  Thermometers  for  Weekly  Readings. 

In  most  shelters  a  standard  Wcather-Bureau-type  maximum  thermometer  (mercury),  and 
standard  minimum  thermometer  (spirit)  were  used.  At  five  stations  in  the  original  string, 
small  shelters  were  used,  each  liousiitg  a  Six-type  maxilnu.^^-mlnimum  thermometer. 

b.  Thermographs  Used  for  Detailed  Records. 

Three  Friez-type  thermogi  aplia  were  employed  from  the  start  of  the  project  and  were 
used  coi'tinuously  for  the  year  period.  Four  additional  thermographs  of  die  same  type  were  put 
into  use  in  December  and  January,  and  four  more  were  put  into  use  in  March.  All  11  of  tJiesc 
the  rinographs  used  an  identical  type  of  chart. 

It  will  be  noted  from  the  tables  in  Appendix  C  that  the  Harvard  Hill  and  Tom  Swamp 
thermograph  record  is  essentially  complete  for  the  whole  year.  At  Prospect  Hill  and  White  l^ine 
l^ottoms  a  continuous  record  was  obtained  from  January  to  the  end  of  the  study.  At  firs:  the 
other  thermographs  were  used  for  sampling  purposes  at  various  stations  for  a  week  or  two  at 
a  time.  In  March  and  April  a  continuous  thermograph  record  for  seven  weeks  or  more  was 
obtained  at  six  stations  in  the  Slab  City  Tract,  to  provide  detailed  spring  records  for  places  on 
south- facing  slopes  as  contrasted  to  places  on  north-facing  slopes.  In  May  these  tiicrmographs 
were  moved  to  the  Prospect  Hill  I  raci  to  get  a  full-month's  record;  some  of  these  thermo¬ 
graphs  were  placed  in  stations  which  had  been  established  in  early  winter,  others  ii  stations 
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which  had  not  been  cHtabli&hed  until  npring.  In  July  these  thermographs  were  moved  to  various 
scattered  points  in  the  Prospect  Hill  and  I'oni  Swamp  J'racts  to  get  detailed  infarmaiiun  about 
contrasts  among  canopied  and  no-Kanopi*:d  stations,  also  to  obtain  comparative  readings  where 
only  Six. type  thermometers  had  been  used. 

c .  N'onsheltercd  Minimum  Thci  monicters , 

The  minimum  thermometers  used  at  nonshciccrcd  stations  were  the  standard  Weather-. Hu- 
reau  type  (spirit)  but  were  not,  except  in  a  few  cases,  mounted  on  a  protecting  metal  frame. 
They  were  suspended  on  copper  wires  Serween  horizontal  branches  of  trees;  most  of  the  trees 
were  coniferous.  Wherever  possible  the  trees  chose,;  were  in  places  reasonably  protected  from 
strong  wind. 

At  the  Harvard  Ferest  Headquarters  station,  Of)erated  by  members  of  the  I’orcst  staff,  a 
daily  reading  is  taken  at  noon  on  Weather-Bureau. type  maximum  and  minimum  tiiernv>mctcrs, 
and  a  continuous  record  is  obtained  in  addition  from  a  hygrothermograpb.  Instrumental  diffi¬ 
culties  developed  simultaneously  on  several  instruments  during  ^tober  1947  at  the  Head¬ 
quarters  Station.  The  instruments  were  adjusted  shot  tly  thereafter. 

The  daily  record  for  fdarvard  Forest  Keadquarters  is  given  separately  in  Appendix  C-il. 
Weekly  maximum  and  minimum  readings  arc  included  in  Appctxlix  B. 

d.  Calibrations  and  Inter-Station  Checks . 

All  instruments  used  were  calibrated  by  field  methods  before  use.  The  Harvard  Forest 
instruments  had  been  calibrated  for  previous  tcnif^)crature  studies  conducted  by  .S.  H.  Spurr . 
The  thermographs  furmsheJ  by  the  Blue  Mil!  N'eteoi'ologicni  Observatory  at  the  !)eginiung  of 
the  project  were  adjusted  at  the  time  they  were  made  av,iilabic  and  were  again  checked  against 
instruments  of  known  local  reliability  by  simultaneou.s  operation  in  a  shelter  set  up  at  Harvard 
Forest  Headquarters.  All  thermometers  and  thermographs  furnished  later  by  the  Army  were 
checked  similarly.  During  warm  weather  some  instrutnents,  including  thermographs  were 
checked  against  each  other  by  so  placing  them  in  a  refrigerator  that  all  sensitive  elements 
were  near  the  same  point.  The  instruments  were  taken  out  of  the  refrigerator  after  about  a 
half-hour,  placed  on  a  stand  in  the  shade  for  a  half-hour,  then  returned  to  the  refrigerator,  and 
so  on.  The  correspondence  of  minimum  and  maximum  readings  with  those  of  check  instruments 
was  sufficiently  close  to  justify  the  conclu.sion  that,  for  the  degree  of  accuracy  required,  the 
method  furnished  a  useful  and  quick  check. 

In  the  field,  check  readings  were  taken  with  a  sling  thermometer  at  each  shelter  almost 
every  week.  All  thermograph  records  had  an  additional  weekly  maxinium  check  and  minimum 
check  from  the  thermometers  installed  in  the  same  Hhelters.  Agreement  of  readings  was 
generally  very  high  during  ‘periods  of  cloudy  g<  rainy  weatlicr.  Slight  differences  between 
instruments  at  other  times  were  caused  by  difference.^  in  po-nition  within  the  .shelter.  The  ther¬ 
mographs  were  a  foot  lower  than  the  thermometers  in  the  slickers,  hence  recorded  slightly 
lower  minimums  than  the  thermonicters  during  inversions,  and  occasional  liigher  rnaxiiTuims 
at  times  of  superadiabatic  lapse  rates.  Some  of  these  slight  differences  will  be  apparent  from 
comparison  of  tables  of  weekly  readings  from  thermometers,  and  of  daily  readings  from  ther¬ 
mographs. 

On  numerous  occasion.s  additional  thermometers  were  placed  in  slickers  for  a  few  weeks 
at  a  time,  some  on  the  .shelter  floor,  some  lying  across  the  top  of  the  thermograph  (with  bulbs 
juat  above  the  Bourdon  clement),  and  some  on  the  shelter  bracket.  On  a  few  occasions  a  min¬ 
imum  thermometer  would  be  placed  with  the  bulb  extending  outside  the  shelter  to  obtain  an 
inside -outside  comparison.  From  these  various  prechecks  and  in-usc  checks  it  was  determined 
that  the  thermometers  in  general  were  accurate  to  one-tenth  of  a  degree  or  better  at  all  tem¬ 
peratures.  The  few  thermometers  which  gave  unusual  readings  during  calibration  were  not  used 
in  the  field. 

The  thermograph  pens  required  very  little  resetting  from  week  to  week.  The  chief  problem 
with  the  thermographs  was  expansion  of  charts  during  humid  periods  and  shrinkage  away  from 
the  drum  flange  during  succeeding  dry  periods.  This  resulted  in  the  lower  edges  of  some  charts 
being  up  from  the  flange  a  distance  cqiii  valent  to  as  much  as  two  degrees  at  the  end  of  the  week. 
Such  discrepancy  was  unavoidable  when  in.strument.s  were  not  checked  daily.  Comparison  with 
the  shelter-thermometer  and  hand-thermometer  readings  generally  made  it  possible  to  verify 
that  the  pen  setting  wns  still  correct,  and  to  make  reasonably  satisfactory  adjustments  of  a 
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degree  or  cwo  in  the  daily  mr.xunum  and  nnnu.uin,  temperature  ligurcs  lor  thoBC  parts  of  thr 
week  wluci)  had  experienced  ur.usuiil  humidity  conditions,  ' 

i  hc  nonHhcltcrcd  minimum  fhermometerH  installed  near  shelters  on  hills  a-  Pro- 

pect  fl'lh  save  readings  which  corresponded  closely  to  those  m  the  shelter.  In  concave  areas 
as  lit  She  r  Swamp,  ,f  the  non- sheJici  ed  thermometer  was  installed  at  a  point  sliphtly  higher 
o.  lower  dial,  the  sl.cltered  ihernuimeter  the  readings  would  differ  sligluly.  owing  to  at,  layer 

wig,  but  in  the  expected  direction.  The  higher  instrument  gave  the  higher  reading,  whether  it 
was  the  one  m  the  shelter  or  in  the  open,  ^ 

3 ,  .Snow-Depth  and  Water-'i'emperature  Mea surement'j , 

I  a*”  'be  course  of  the  middle  and  late  winter,  snow  dcptlus  were  measured  at  more  than  s 
hundred  different  points  along  rhe  regular  Htarion-travcrfie  routes.  At  each  place  ten  separate 
readings  were  taken  with  a  snow-stick,  and  the  average  was  then  recorded.  Although  rcadinus 
were  taken  on  different  days  the  total  body  of  data  gathered  provided  useful  information  not 
only  about  rates  o.  snow  accumulation  and  Hertlmg  and  melting  but  also  about  the  interrelacion- 
tuups  between  temperature  and  snow-cover. 

In  the  spring  and  early  summer  seanons,  water  temperatures  were  read  at  se'ccted  points 
along  the  traverse  route,  chiefly  m  the  Tom  .Swamp  Tract  (Figures  U  and  12).  Tcmperaturcfi 
were  read  at  different  times.  At  the  pond  outlets  the  thermometer  was  held  m  the  swiftest 
flowing  water  below  the  dam  for  several  minutes  for  each  of  three  readings,  which  were  then 
averaged.  At  pond  shores  and  at  Tom  Swamp  the  procedure  consisted  of  swirling  the  diermom 
etc  aiound  in  foot-deep  water  for  a  minute  for  each  of  three  readings  and  taking  an  averae- 
I  he  readings  were  almost  always  identical  at  any  one  place,  and  when  not  iaentical  differed 
less  than  a  degree.  Ihese  watcr-ternperature  readings  proved  to  be  of  some  use,  but  did  not 
provide  the  basis  for  reaching  positive  conclusions  such  aa  would  have  been  possible  had  read¬ 
ings  been  taken  more  frequently  on  a  regular  schedule  throughout  the  period  of  the  study. 
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shnre.  l  ooking  noninv,  uv.ird  (enn,  read- 
mg  fHUnl  tow,Ti<l  lorn  Swamp  and  We,u  Soundary  llil).  Ap,  ,|.  19-18. 

n  ‘  e  uanon.llarvardPonJouiJet.  W.u.-r  lemperam.  c.  we  e  measured  m 

watetUll  and  in  stream  in  foreground.  1  ooking  cast.  June,  19.18. 


of  Station  Situations,  .Sites,  and  Instrumentation. 

In  this  section  summary  descriptions  are  given  for  all  stations,  both  shclccrcd  and  non 
sheltered,  or  which  data  are  cited-  These  summary  descriptions  treat  the  .station.^  m  scqurnce 
lur  -o  i  tracts,  and  indicate  each  station’s  elevation,  topographic  s.tlt.on 

.  loundmg  vegetation,  type  of  instrument  .shelter  or  install.ati. n,  instruments  installed  and 

Pborographic  figures 


«,  PROSPECT  HILL  TRACT  (Pigure  6). 


in  ihiM  ncction  the  nheliercd  BtationH  «i'c  liaicd  iir«t,  followed  by  liic  ixMiahclccred  niMiion*. 

SHELTERED  STATIONS. 

PROSPECT  HILL.  Elevation  1383  ft.  (F.gure-  13  and  14). 

Situation:  Highent  point  in  Harvard  Fore<»t  area.  At  aoudicrnedge  of  eatenaive  upland  divide.  Gentle  slope 
to  north.  Steep  deacenia  to  earn,  routh,  and  weat. 

Vegeution;  Open  summit  with  bare  rock  and  grass.  Scrubby  growth  of  pin  cherry  and  birch  in  horde l  ing 
fields.  Completely  open  to  winds  from  any  direction. 

Shelter  type:  Weather  Bureau  Standard  type.  Permanent  installation. 

Instruments:  W.  B.  Maximum  and  Minimum  thermomeiera.  thermograph,  December  through  July. 

HIGH  SWAMP.  Elevation  1280  f..  (T’igures  15.  16,  and  17). 

Situation:  Highest  upland  swale  in  Harvard  Forest.  Occupies  a  slight  depression  at  head  of  long  valley 
draining  south  to  swamp  at  east  base  of  Prospect  Hill. 

Vegetation:  Station  in  open  blowdown  area  of  mixed  hardwood  swale.  Old-field  pine  on  slope  to  east. 
Hemlock  and  pine  to  northwest.  Heavy  fern  growth  in  summer. 

Shelter  type:  Weather  Bureau  Standard,  portable  type. 

Inatrumenta;  W.  B.  Maximum  and  Minimum  thermometers.  December  through  July.  Thermograph  during 
June. 

TOWN  LINE  swamp.  Elevation  1 125  ft.  (Figure  18). 

Situation:  A  wi^  awampy  area  at  aouth  and  west  baae  of  Prospect  Hill,  Bordered  by  till-covered  terraces. 
Vegetation:  A  mature  and  sebmature  mixed  hardwood  atand,  moatly  of  northern-foreat  apecica  with  abun¬ 
dant  red  maple,  yellow  birch,  and  hemlock.  Open  blowdown  to  caat.  Red  oak  and  paper  birch  on  higher 
ground  to  weat. 

Shelter  type:  Weather  Bureau  Standard  type.  Permanent  inaiallation. 

Instrumenta;  W.  B.  Maximum  and  Minimum  thermometer#,  December  through  July,  Thermograph  during 
June, 

LITTLE  PROSPECT  HILL.  Elevation  1300  ft.  (Figure  19). 

Situation:  On  aummit  of  rounded  aecocidary  aummic  aouihweat  of  Proapect  Hill,  with  moderately  atcep 
deacenta  to  northweat  and  aoutheaat  and  tei  raced  deacent  beyord  a  alightly  lower  aummit  to  the  aouthwet':. 
Vegetation:  Twenty. two.year-old  red  pine  planution.  lower  branchea  pruned,  moderately  denae  canopy,  ex¬ 
cept  above  aummit  trail. 

Shelter  type:  Harvard  Foreat  shelter,  wide  type,  Urge.  Nailed  and  braced  on  tree  trunk. 

Inatrumenta:  W.  B.  Maximum  and  Minimum  type,  June  and  July.  Thermograph  Juririg  June. 

NORTHWEST  MIDSLOPE.  Elevation  1210  ft. 

Situation;  At  aoproximate  midpoint  (within  Harvard  Poreat  limita)  in  long  rocky  northweat  alope  of  Little 
Proapect  Hill. 

Vegetation:  Your^  stand  of  vigorous  sprout  growth  of  transition-forest  hardwood  apecies,  closing  in  station 
but  not  forming  canopy. 

Shelter  type:  Weather  Bureau  Standard,  portable  type. 

Instruments:  W.  B.  Maximum  and  Minimum  thermometers,  June  and  July.  Thermograph  during  June. 


LOWER  SPRUCE  HARDWCXX).  Elevation  1 150  ft. 

Situation:  At  lower  edge  of  rocky  slope  of  Little  Prospect  Hill  and  just  above  narrow,  steep-edged  kame 
terrace. 

Vegetation:  Thirty-five-year-old  suppressed  spruce  stand  overtopped  by  mixed  transition  hardwoods 
which  form  den.^c  summer  canopy.  Hardwoods  in  north  half  of  stand  felled  in  1947  to  release  spruce. 
Shelter  type:  Weather  Bureau  Standard  type.  Permanent  installation. 

Instruments:  W,  B.  Maximum  and  Minimum  thermometers,  June  and  July.  Thermograph  during  June. 
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Figure  13  (upper  left)  .  l^ospcct  HiJJ  Station.  Jaimai  y,  |f>48. 

Figure  14  (upper  right)  -  l^opspect  ilill  Slntion.  June.  1<>4  8, 

Figure  t-i  (left  center)  .  High  Swamp  Station,  Looking  southeaHi.  Oidfield  pme  m  left  background,  mixed 
li.ai  tiwoodN  in  Hvvalc  to  right.  January.  l->48. 

Figure  1(>  (right  center)  *  !  iigh  Swamp  St.n  ion,  Lo<J;ing  nnrthwe.-^l.  i  ate  March.  194S. 

I•lglltc  17  (lower  left)  -  High  Sv/,Timp. Station,  showing  lieavy  growth  of  c  innamon  fern  around  .shelter.  I  ,atc 

June.  1948. 

F>’igurc  18  (lower  nghl)  -  Town  Line  Swamp  Station.  Looking  southeast  toward  shclte  r.  June.  1048. 


LilG  SI*RLJCii  SWA/s'IP,  lilcvatiois  IIBO  ft,  (I'l'^^urcn  IV  =iiiii 

Situatinn:  At  ttouihcafit  base  of  l.uilc  Prospect  Hil!.  Occujnea  lowest  pan  of  broad  I5rook»  HiJ I  piaiforiii. 
Diaios  castwai’d  to  Swift  Rtver  atid  wrciward  via  Nelson  Brook  to  Kiceville  Pond  Mnd  Brtwk,  and  Miller'ti 
River. 

Vygefition:  Mixed  stand  of  red  spruce,  liermnck,  .lod  nuoiorous  hardwood  sficcitM,  irK;ltiairv^  black  fjum. 
Shelter  is  in  open,  near  edge  of  one  of  sevrr’Al  hlow^down  arcAn. 

Shelter  type:  Harvard  Porcst  snelter,  wide  type,  large.  Na>tcd  and  braced  on  tree, 

Instrunicius:  W.  B.  Maximum  and  Minimum  thcrmomcicrs  and  thermograph,  July  only. 

LOCUST  OPBNING.  Olevation  1200  ft.  (Figure  11). 

Situation:  Near  eastern  edge  of  a  broad,  undulating-io-fUt  platform  which  grades  ivorihward  into  Big 
Spruce  .Swamp  and  eastward  by  a  scrica  of  terraces  into  lowii  Line  Swamp. 

Vegetation:  Near  station  a  dense  growth  of  black  locust  (not  native)  and  clro.  On  slopes  to  cast  arc  young 
stands  of  mixed  transition  hardwoods.  To  west,  weed-tree  species  in  old  ficldfi.  No  canopy  over  itation. 
Shelter  type:  Weather  Bureau  .Standard  type.  Permanent  insiall.ition. 

Instruments:  W.  B.  Maximum  and  Minimum  tiiermometers,  December  ihrough  July.  Ihc rou.'graph  dm  ing 
June . 
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rigurc  19  -  Vi 
IS  in  Center  of 


Figure  20  (left)  -  Big  .Spruce  Sw.arnp  Station.  Looking  souliieast  towar.l  shelter  Irom  open  blowdow.'i  area  in 
center  of  swamp.  .lu|y,  1948. 

Figure  2t  (riglit)  -  Locust  Opening  Sration.  Looking  north  toward  load  junction  and  sheivei.  June,  lu'ig. 


I.AKli  SWAMI^.  fllcvation  1  125  ft.  (f'igurcB  22  and  2  j). 

A  lortg  wwamp  occupying  a  niighi  trough  on  a  broad  plarform  west  of  Brooks  Hill.  Gradeo  south- 
ward  into  #ii  open,  timrshy  nitljpond  which  r.lso  i cccivcs  utrcamfl  draining  a  higher  terrace  to  the  east 
and  sou  til. 

yjE.£.tsnon:  Mixed  hardwiKxi  NwaJc,  witli  mucli  stvamp-hrush  growth  to  north  and  of>en  rnaruh  to  south, 
iicavy  canopy. 

■Shelter  type:  VS'caihrr  iiurcau  Standard,  pirtab'c  type. 

InstruiocntH;  W.  B.  Maxnnuin  and  Minimum  thermometers,  end  of  December  through  July. 'Ihcrmograph 

during  J une . 

Harvard  l-auisr  Hf-ADQUARTl-iLS.  nicvation  noo  ft.  (Ihgure  24). 

On  a  nnuth-t:  ending  spur  which  dcscendo  gently  eastward  and  soutliward  into  hardwood  swale 
of  upftcr  Ncltiori  Brook  and  drops  away  sharply  tvcniward  to  Kiccville  Pond  lowland, 

Vegetation:  On  open  grassy  noriJi  slope  of  low  knoll.  Red  maple  swale  to  cast.  Red  pine  plantation  to  south. 
51lcIlgJL_£ii!£'  Weather  Bureau  Standard  shelter  on  permanent  timber  support  Y  high,  weighted  with  hc.tv’y 
rtioiurs. 

1 0-^.P. utt tc nt s .  W,  B,  Maximum  and  Mintmutn  thertnomeicrs.  Hygro-thermograph.  Also  anemometer  and 
recording  ram  gauge  ncarhy. 


Bigurc  22  (left)  -  Lake  Swamp  Station,  Looking  cast.  Winter  view  shov/inc  typical  sv.'alc  Imrdwood  orowth. 
March,  1948. 

I'lgurc  2 ,)  (right)  -  Lake  Swamp  St.ition,  l.ooking  cast.  Summer  view,  Mhowing  lie.-ivy  canopy  and  abundant 
u.idergrowth.  Late  June,  1548. 
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NHL.SQN  BROOK  1M,AT.  Hlcvaium  930  fi.  (I'lgii'-c  25), 

Situation:  On  fiigl*,  riioiNt,  i^tonj’  terrace  ar  bane  o(  sleep,  rtx'liy  wcBtern  alope  of  l*io«peci  i lill-i 'cicruhain 


I _ I 


SwF!  df>"'n  to  fi  broad  kanie  terrnce  iKji  ucrioj^  KiccviMc 


Ridge.  Westi?ard  a  succettfsion  of  lower  terract 
i^onJ  and  ioni  Swani','. 

Yegetation:  Mixed  ainnd  of  widely  npiCed  iiiaiurc  and  aiibfiuiure  mixed  trannition-bar  dwood  Hpecicr 
Moderate.')'  open  Hummer  raoeipy. 

^  be  Ref  type:  Harvard  Forest  slieltcr,  wide  type,  large.  Nailed  and  braced  on  tree. 

Instrunicnts:  W.  13,  Maximum  and  Minimum  thcrmomcccrH,  July  only. 


NONSHRLTFR  l;D  STA  TION-S , 


1M<QSF*HCT  HILL.  Flevanon  n83  ft. 

Situation  and  Vegetation;  See  description  (ak^vc)  for  Prospect  Hiil  Bheltercd  Btr.tion. 

Intiti  uiTiert.  Nonshcltcred,  W,  H.  bitriimurn  liicrmomctcr  witbout  guard,  vvitri!  to  power-line  [hjIc.  October 
through  July. 

BROOKS  Hll.L.  nicvanon  1250  ft.  (Figure  26). 

Situation:  O.i  summit  of  bigh,  nnitxith,  ov,-!!  hill  liordcrcd  by  «ucccs«ivcly  lower  plaifut  hik  or  tcrraccH 
till  -surfaced. 

,>.?gt:tatiom  Twclvc-ycar-oId  white  pine  plantation  being  ovcrtop[>cd  by  red  oak,  forming  a  pariiaily  ofien 
canopy. 

Inatrumciu:  Nonshcltered ,  W.  R.  Minimum  thermometer  witiiout  guard  wired  lictwccn  branches  ol  white 
pine  tree.  November  through  July. 

..OCUST  QPhNlN'G,  Hlcv.-ttion  iJOpft. 

S i t uation.  See  description  (above)  lor  l,ocust  0)>ening  sheltered  station. 

Nooidiclccrcd.  '.V.  B.  Minimum  thertnometer  withoutgunrd,  wired  betw.'cn  branctics  of  clin  tree. 
November  through  July. 

.SWAMP  KNOLL,  lilcvation  1 1-toft. 

"---‘3 small  terrace  fragment  in  the  center  of  Town  Fine  Swamp.  IhiB  undulating  Hurf,icr  .shout  15 
led  above  swamp  level, 

Y.V.VlIiaiiP'A-  Mixed  fit,ind  of  transition  and  northern  hardwoodr,  tuihniaturc.  Bordered  to  cast  by  pure  hem¬ 
lock  stand.  Mcdnirn-dense  siuninei  canopy. 

InstrimumL:  Nonshchered.  W,  13.  Minimum  lliermometcr  without  guard  iied  acronn  fork  of  brunch  on  lirech 
tree,  April  througli  July. 


PliiRCH  ROAD  SWALF.  hlev.ation  1100  ft. 

5jiibLL12!l=  At  lower  exit  of  Town  Line  Swatnp,  between  terraced  slopcH  of  lirooks  Hill  phatform  to  wesi  and 
.1  long,  narrow,  lov/,  north  -  south  ridge  to  cast. 

Y.SR<-'tati,on:  Mixed  stand  of  submature  hardwoods,  both  transition  and  northern  species,  with  brushy  growth 
near  stream.  Medium-dense  canopy  nc.ir  mfitrument.  Semi-open  blowdown  area  to  northc.-ist. 

[agfOliHgilF  Nonshcltcred.  W.  B.  Minimum  thermometer  without  gu.ird  wired  between  hrancheu  of  small 
lo'tilock,  November  through  July. 


f'lgure  25  (.eft)  -  Nchson  Brook  Flat  Station.  Looking  south  toward  shelter,  opened  to  show  thcrmonictcrs. 
July,  194H. 

F'igure  26  (right)  -  Brooks  Hili  Station.  Loo.king  nerth.  Minimtirn  t.hcrmomctcr  is  ■wir'^d  between  hranchea 
of  young  white  pine  tree.  June,  19-18. 
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h.  rOM  SWAM1>  I  K  AC  I  .  (I-'ij-ta  c  (>'). 


I  he  filichei'ctj  DiaiiutiN  ;ire  Imtcd  firni,  followed  hy  the  nonahchered  hiaiionti, 
Slliil.  l  HRHD  S  I  A1  IONS. 


HAS  1  1 111.1,,  hlevaiion  950  fi.  (i'lj^urc  27). 

Situation;  At  eatit  hoiiiidniy  of  I  orn  S  wanifi  Cotn-iafimem  III ,  oti  weitt  ~fac  inj^  (ilopc  overlooking  Cotnpartinent 
V  Swale,  At  exit  of  shallow  i  idge-sidc  valley  which  chaiinclw  cold  ,iir  drainage  fr  otn  higher  alop's  and  fhatn 
ut  Pctersliani  Ridge, 

Station  is  at  upper  edge  of  cutover  area  with  »>c.atiercd  large  trecn.  General  cover  of  young 
mixed  lutrdwfKrd  and  conifcrcuM  growth  uveragee  lens  that;  10  feet  high.  Hast  of  .-ication,  upniopc,  is  stand 
of  hd.foot -high  mixed  hardwoodr,  including  centi  al-  and  transiiion-forebt  a[rccicfj.  Much  blowdown  timber 
rctnair.a  from  19.)H  hurricane.  No  Canopy,  but  morning  ishadc . 

Shehci _ 1  v{>e :  Harvard  I'orcfit  tihclte,-,  narrow,  vertical  type,  nailed  to  pignut  hickory.  In  late  spring  an 

additional  nhclicr,  Harvard  1‘oreat  wide  type,  large,  wan  nailed  and  braced  on  a  white  pine  20  feet  to  west. 
liMit roitnenthj  Six'a  type  thermometer ,  Augunl  tJirough  July.  W.  B.  Maximum  and  Minimum  ihcrmomcierH, 
nod  thermograph,  July  only. 


!■  I.Sf  IhR  S  I  AND,  hlrvation  ft.  (fogui  cH  28  and  29). 

'imiaiiun:  On  gently  iiloptng  terrace  ovcritxiking  slightly  Irjwer  tei  race  to  Bouih  and  west,  which  in  turn 

overlooks  broad  fl,xt  fh>or  of  fo,'mcr  ml llpond,  I  o  the  norm  2nd  cast  is  a  slightly  higiier  terrace  above  which 
lines  the  long  filopc  of  Hast  Hill.  .Surface  of  the  entire  stand  area  in  covered  with  subangular  boulders. 
A  nmall  intermittent  Btrcain  has  cut  a  Hhallow  nouthwesi-ircnding  valley  .across  the  area. 

Vegeiation:  Thirty. five -ycar-old  mixed  hardwood  stand  consisting  chiefly  of  white  ash,  red  oak,  and  pape." 

hirch.  Ihinocd  in  early  nummer,  1947.  Dctmc  summer  canopy.  The  oldest  continuously  managed  stand  in 
Harvard  B'oreni.  Named  in  honor  of  the  TorcntTi  founder  and  firm  director,  Richard  Thornton  Tishcr. 
■Slicitci  type:  Weather  Bui  can  biandard  shelter.  Permanent  installecion. 

Insti  umcnij£;  W.  B.  Maximum  and  Minimum  the  rmomc  ter  n,  Decembe  r  to  July .  Ihermograph .  pa  rt  of  March 
aiul  .ill  of  July. 


Pigurc  27  (upper  left)  -  fiant  Hill  Station,  Looking  went  from  cast  boundary  of  Tom  Swamp  Tract,  past 
station  and  toward  Hiifvard  Hill  (l,  left  center,  below  skyline).  Decernber,  1947. 

I'igurc  28  (upper  right)  -  Fisher  .Stand  Station.  Lcoking  cast-soythcast.  March,  194  8. 

Figure  29  (lower  left)  -  Fisher  Si.an.l  St.ition.  Looking  northeast.  Late  March,  1948. 

I'lgui  c  30  (lower  right)  -  Stream  Crossii^  Station.  Looking  northwest,  across  stream,  .oward  station.  De¬ 
cember,  1947. 
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1  RAiL  HORK.  li  leva  cion  860  ft. 

Sicuation:  Ac  oa«<r  e<lgc  of  Coniparimetit  V  Swale  atki  near  bane  of  long  weal  down-alope  from  llaac  Hill, 
Near  edge  of  ainall  Miream  valley  cut  into  low  terrace.  Several  knobn  of  eroded  bedrock  rime  above  general 
terrace  level. 

Vegetation:  Open  cutover  area  with  low  growili  of  mixed  liardwooda  and  coniferH.  Widely  acattered  large 
tree*.  Denae  young  hardwood  awale  growth,  40  feci  high,  to  north,  hiiclc  or  no  caiaipy  in  atatia.n  victniiy. 
Shelter  type:  hiarvard  Forc*t  ahclici ,  narrow  vertical  type,  nailed  to  large  while  oak. 
liiiicrumcnca:  Sia'a  type  ihermomeier,  Auguai  through  July. 

STREAM  CROSSING.  Elevation  840  ft.  (I’igurc  30). 

.Situation:  At  atream  edge  on  lowent  terrace  level  near  aouth  eixi  of  Comparirnent  V  Swale.  Terrace  grade* 
aoothward  into  flat  bottomland  of  former  millpond. 

Vegetation:  Miaed  hardwood  and  coniferoua  volunteer  growth,  averaging  lea*  than  10  fr?t  high,  on  citover 
land.  100  yard*  to  north  ia  an  open  grove  of  hardwood*  30  feet  high,  with  thick  undergrowth  near  atream. 
South  of  Btation  ia  an  extenaive  grove  of  Bwalr  maple  aproui  growth,  30  feet  high.  Almoat  no  canopy,  but 
late  afeernon  ahade  at  aiacion. 

Shelter  type:  Harvard  Foren  ahelter,  wide  type,  nailed  (o  large  elm. 

Inatrumenta:  W.  B.  Mazimur.i  and  Minimum  thermometn  a,  October  to  July.  Nonaheltcred  Minimum 
thermometer,  September  only.  Ihermograph,  part  of  February  and  all  of  July. 

HEMLOCK  BASE.  Elevation  850  ft.  (Figure  31), 

Situation;  At  eaat  bane  of  Harvard  Hill  and  went  edge  of  Compartment  V  Swale. 

Vegemion:  Mixed  young  hardwood,  coniferoua,  and berry-bjahgrowth.averagit^ four  feet  high,  on  cutover 
land.  Slight  canopy  from  hemlock  iiaelf.  Open  to  wind*  from  north,  eaat,  arul  aouth. 

Shelter  type:  Arnold  Arboretum  ahclter,  narrow  vertical  type,  with  wire  meah  aide*  and  front,  AiMuat 
until  May.  Arnold  Arboretum  cubical  type,  with  alternating  overlapping  alat  inner  and  outer  walla,  May 
until  July,  Sheltri'B  nailed  to  JO-foot-high,  lone  hemlock. 

Inatrumenta:  Six’*  type  thermomcicr,  Auguai  until  May.  W.  B.  Maximum  and  Minimum  thermometer*. 
May  until  July. 

HARVARD  HILL,  Elevation  VOO  ft.  (I'igure  32). 

Situation:  On  almoat  flat  aummic  of  iaolated  oval  hill  of  bedrock,  covered  with  glacifal  drift  except  for 
exposed,  rounded  rock  aurfacca  onaummitand  ateep  15-fooi-high  joint  face  at  eaat  edge.  Summit  ia  approx, 
imately  60  feet  above  general  level  of  Compartment  V  Swale  to  ea*t  and  about  150  feet  above  Harvard 
(Brooka)  Pond  to  west. 

Vegetation:  Low  mixed  hardwood  and  coniferoua  volunteer  growth  on  cutover  land.  Some  large  hurricane 
blowdown  loga  on  eaat  face.  Heavier  atanda  of  60. foot. high  hardwood*  and  hemlocks  on  lower  north  and 
wcat  alopea  of  hill.  No  canopy  at  station. 

Shelter  type:  Harvard  Forest  ahelter,  wide  type  nailed  to  aproui  maples,  August  to  November.  Weather 
Bureau  Standard  type,  permanent  installation,  November  to  July. 

Instruments:  W.  B.  Maximum  and  Minimum  thermomefera,  and  thermograph,  Auguai  to  July. 

CHESTNUT  GROVE.  Elevation  820  ft. 

Situation:  On  top  of  lerracc  spur  extending  northward  from  north  base  of  Harvard  Hill,  Slight  drop  on 

east  and  north  to  valley  of  stream  draining  north  end  of  Compartment  V  Swale.  Lor^  terraced  drop  west, 
ward  to  Harvard  (Brooks)  Pond. 

Vegetation:  Moderately  thick  grove  of  50. foot. high  hemlock,  chestnut,  yellow  bircb,  and  beech.  Immediately 
to  west  of  station  is  a  clearing  50  feet  in  diameter,  with  very  young  growth  of  hemlock  and  hardwoods. 
Heavy  canopy  above  station.  None  in  clearing.  Shelter  is  in  shade  until  noon,  in  sun  in  afternoon. 

Shelter  type:  Harvard  Forest  shelter,  wide  type,  nailed  to  hemlock. 

Instruments;  W,  B.  Maximumand  Minimum  thermometers,  December  to  July.  Thermograph,  part  of  March. 
GRAVEL  HILL.  Elevation  800  ft.  (Figure  33). 

Situation:  On  summit  of  knobby  terminus  of  enkcr  ridge  trending  northweat,  down. slope,  toward  southeast 
corner  of  Harvard  (Brooks)  Pond.  Most  of  ridge  has  been  dug  away. 

Vegetation:  On  north  face  of  hill  and  on  summit  cast  of  station  is  a  moderately  dense  stand  of  50. foot- 
high  hemlock,  together  with  some  paper  birch,  red  oak,  and  other  hardwoods.  To  West  ia  hare  exesvated 
new  face  of  gravel  pit. 

Shelter  type:  Harvard  Forest  shelter,  narrow  vertical  type,  nailed  to  red  oak'. 

Instruments:  Six's  type  thermometer,  August  to  July, 
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MILL  PGIN I  ■  llievasson  760  fs,  c  14), 

Situation:  l  ow  flat  f>cniriBuJa,  ccnniftting  of  terrace  lenmaiit  c 
pond  (f  larval  d  Lond)  occupying  wide  flat  floor  of  atrcain  valley 
yrggtatipf.;  Mtxicrraely  r,f>cr.  titand  of  second  giOwtli  rni*cd  h 
oak  a  cofnmon  Bpcticn.  included  arc  acaucred  taller  wiiitc  pim 
canopy  in  aumincr. 

Shelter  type;  Harvard  I’orcBt  «lieltcr,  narrow  vertical  type 
Lorc»t  aliclter,  wide,  large  type,  nailed  and  lu  aced  on  white  pii 
Inati  urnentH:  Six'o  type  tiicrmomctrr.  '\ugui>t  to  July.  W.  B 
thermograph,  July  only. 


ivotxi  torcet  averaging  50  feet  high.  White 
Little  canopy  in  winter.  Almost  cortiplete 


‘QV'crrsRC 


gwr-  4  ri? 

If  f  MM 

■  f  ^H|  1 

HA 

'fl 

]  V'  B2*4M 

lil>9  B| 

RlCHVd.Ll.:  1>0ND 


[■'AY  LOT  TiiRRACB,  iilcvauoii  7E5  fi.  ([’igurcsi  17  luui  IH). 

Situation:  On  broad,  flat  platform  surface  of  pitted  kanie  lei  race  bindeiiog 
l^ond.  Station  is  near  logging  roati  and  midway  between  (ksiuI  sbtn  c  and  edge 
cxtciiHioii  of  tom  Swiirnp  scpiratiri}.;  bay  I  ol  [>enifisula  from  W'cst  lloucidary  tli! 
Vegeta tiott:  1-ow  growth  of  mixed  white  pmc  anti  hcmitick  with  some  mixed  i 
off,  and  slash  cleaned  up,  after  1918  hurricane.  Station  open  ami  cxfsjsed  in  w 
hardwoods  tn  leaf  in  .•iLimmer.  No  canopy. 

Shelter  type:  Weather  Bureau  Standard,  ponahle  type. 

Instruments;  W.  B.  Maximum  and  Minimum  thermometers,  I'Jccembci  to 
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HOLN‘i')AI( Y.  hJcvdiDii  9wi  fi.  (i‘i^'111  c  i9), 

*ii'  Oil  ^jciiily  dlopiiig  »ioiJthwi: i>[  face  of  Wewi  J 

fioiii  ii.'osij  arcii.  hiation  ih  acrofifi  i 

ly  swarjijiy  trtrai'cd  vnllcy  wlucli  draint)  riouiheuii 
Lion:  111  young,  inoderaiely  dcimc  stand,  20  feet 

Ciinnpy  duiiny;  leaf  (icaHon  only. 

JLi!t!SJ  W“,T(jiei  IJiircaii  .St.iiula id,  jKjrtablf  type. 
leniH:  W.  B.  Alaxiinurii  .ind  Idiniinoni  liiermoniei 


mwi  a 


A  nd  all  of  July 


Wh.SI  IliKKACI 


Blcvaiiort  770  It.  (Higuri;  -tO). 

I  gfiivel  and  sand  icrincc  Kordcring  west  side  of  lom  Swamp, 
n  grassy  yard  of  abandoned  fa Mitfiicad. 'I  o  nnrtli  is  a  grove  of  10,foot- higli  yt 
Hiiiieasl  IS  ii  elimip  of  tall  white  pines.  To  west  is  plantation  of  !  5-yei<r-old  win 
road,  arc  a  small  ahandoned  orchaid,  a  small  clump  of  white  pine,  and  an  extent 

Weather  Bureau  .Standard,  portable  type. 

W,  Ei,  Maximum  and  Winimurn  ihermomcicrs,  December  to  July. 


area 


unients 


West  Boundary  Station.  Booking  northeast  from  road,  itarly  [December,  1947 
-West  Ferrace  Station,  i.ooking  Hoiith-soiillicaiu.  May.  :94a. 


Bigu!c4!  ,  !  fttn  -Swamp.  I’anorania,  looking  noriiiratitvvnid  and  c.ast'vard  towaid  i’ctcrsh.am  Kidgc.  Original 
■Station  Is  (o  fur  left;  new  nration  to  ngbr.  C.ati.seway  road,  not  visible,  run.s  between  shelters  I  ate  March 
194  8. 
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rONi  SWAM! 


vaiioo  li.  -<  I ,  tJ  aiui  i  ij. 

On  hroai!,  opt:!)  fioiii'  of  loin  Swamp  valley.  W'alei  level  ul  ^M.iin['  n»  a(  or  aliovc  nioto*  hiiii.hc. 
te  siiinnier  and  e.iriy  antunin.  Cauiieway  foe  road  iri  one  to  'wo  feet  above  waici  level . 

Swanrp- shrub  vepctaiion  two  to  four  leei  hiph,  with  dcc(t  iindei  layer  of  spiiayptiun  tniVts.  Itlne- 
vvanip  are  htnnds  of  larch  and  black  sprticc,  and  ('l.antatiorifi  of  red  pine.  .Station  l«  in  the  nj>co, 
With  no  cfiiiopy,  and  is  cajHised  to  all  winds. 

Shelter  type:  Department  of  Apt  iculiiire  shehet.oii  l“xd  *iitpps>ri  I  ranic .  north  of  road,  Aup.isl  to  Deccinlx'i  . 
Weather  Bure.ui  Siand.ard,  pori.abic  type,  soutli  of  road,  with  rilicltn  s-ip|Kii  t  si.iiidinp  on  sti  etchers  laid 
across  top  of  sphagniini  iiuiss  gioivih,  IX'cetnl'ei  to  Jiilv- 

Instrumentw:  W.  B.  Maximum  and  Minitrunn  thei  mumctei  n  .uid  liiri  inopi  apti,  A.iipust  to  Decemher.  V/,  B, 
Maximum  and  Mininumi  thcrimmicici  s  and  thet  inopi  apii.  Deceiiihei  to  July.  Addii'onicl  blaxiiiuim  and  Min¬ 
imum  thermometers  used  for  control  purjvoscN,  Deeeinher  to  .Inly. 


Situation 


i•lgure  43  -  I  om  .Swamp -Station.  Suinmcr  view,  looking  snutli.  I. ate  June,  1948. 


NONSHUI/I  HKHO  S  JATIONS. 


KtiD  PINIj  KilX^H.  Ulcv.tion  'J25  fj, 

Situaticn:  On  flat  top  of  •oiilh-trcndin|;  upor  of  low  I'idiie.  To  ea»t  id  dliallow  upper  valley  of  White  Ash 
Swale,  To  west  is  lf>n|;  alopc  leading  down  to  Compartment  V  Swalr, 

Vegetation:  .Station  is  al>out  29  feel  east  of  woods  road  and  in  a  grove  of  red  pines  and  white  pines  20  feet 
high.  Almost  complete  canopy  at  all  seasons. 

Instrument:  Nonshelicred  W,  h.  Minimum  thermometer  without  guard,  wired  into  dead  lower  branches  of 
a  white  pitie,  September  to  July. 

MHMLOCK  GKOVIl.  I’levai.on  H40  ft. 

.Situation:  On  gentle  slope,  at  cast  edge  of  Compartment  V  Swale. 

Vegyti|tion:  Grove  of  widely  spaced  large  hetnlocks,  NO-lUO  fret  high.  No  undergrowth.  Complete  canopy. 
Dense  low  growth  in  stream  valley  to  west. 

Instrument:  NofisKclicrcd  W.  D.  Minimum  thermomcier  without  guard,  wired  betwecii  lower  branches  of 
large  hemlock,  September  and  October. 

hLOWlXiWN.  l-lcvation  840  ft. 

Situation:  On  gentle  slope  at  cast  edge  t/  Compartment  IV-V  Swale  and  about  100  yards  north  of  Hemlock 
Grove . 

Vegetation:  Ojwn  blowdown  and  cutover  area,  mostly  in  low  brush.  Widely  scattered  call  trees.  No  canopy. 
Instrument:  Nonshelicred  W.  D.  Minimum  thermometer,  without  guard,  wired  to  small  hemlock,  Septem¬ 
ber  CO  January. 

WHlTli  ASH  SWAt.R.  Illcvation  885  ft. 

Situation:  Flat  bottomed  shelf  valley  east  of  and  fifty  feet  higher  than  Compartment  V  Swale. 

Vegetation:  Open  cutover  area  with  scattered  large  trees  and  abundant  growth  of  mixed  hardwoods,  includ¬ 
ing  much  white  ash. 

Instrmncnt:  Nonsheltered  W,  B.  Minimum  thermometer  without  guard,  wired  below  branch  of  young  red 
maple,  April  to  July. 

FISHEK  S  TAND.  Elevation  860  ft, 

SituatioTi;  Sec  description  (above)  of  sheltered  station  at  this  stand. 

Instrument!  Nonshclccrcd  W,  B,  Minimum  thermometer  without  guard,  wired  into  branchca  of  young  baaa. 
wood,  30  feet  north  of  sheltered  station,  September  to  .January. 

MILL  POND  FLAT.  Elevation  835  ft. 

Situation:  On  broad  stream  flat,  the  bottom  of  a  former  millpond. 

Vegetation;  Bushy  growth,  about  7  to  10  feet  high,  including  much  alder.  Tufted  grass  underitory,  flooded 
at  high  water.  Scattered  growth  of  small  red  maplea.  No  canopy.  To  north,  between  thii  and  Stream  Croas- 
Ing  Station,  iit  dense  older  growth  of  swale  hardwoods. 

Instrument:  Nonsheltered  W,  B.  Minimum  thermometer  without  guard,  wired  to  branch  of  young  maple, 
April  and  May. 

1»AY  TEKKACP.  EDGE.  Elevation  780  ft. 

Situation!  At  cast  edge  of  Fay  Lot,  .il^out  10  feet  from  edge  of  steep  .slope  leading  down  25  feet  to  shore  of 
Riccvillc  Pond, 

Vegetation:  Blowdown  and  cutover  area.  Low  growth  of  mixed  conifers  and  mixed  hardwoods.  No  canopy. 
instrument:  Nonsheltered  W.  B.  Minimum  thermometer  without  guard,  wired  between  large  roots  on 
Weathered  stump  of  large,  hlown-down  tree,  July  only- 

TOM  .SWAlfH*  BUSH.  Elevation  753  ft. 

Situation:  See  deacription  (above)  of  sheltered  station  at  Tom  Swamp. 

IiiHtruntcnt:  Nonsheltered  W.  B.  Minimum  thermometer  widiout  guard,  laid  among  upper  branches  of 
hushes  August  to  December;  wired  to  leg  of  shelter  thei'caftcr,  January  to  July. 
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C.  SLAB  CITY  TRACT.  6). 


The  atatiotw  listed  belo'v  include  aeveral  chat  are  outside  the  limits  of  the  Slab  City  Tract.  Bifure  6 
shows  the  location  tjf  all  such  ststions,  which  include  the  following:  Sheltered  ataiions  at  (l)  Petersham 
Center,  operated  firrt  near  the  Nichewaug  Hotel  and  later  near  the  High  School;  (2)  Shelf  Swan.p:  and (3) 
River  Meadow.  Unsheltered  stations  include  (l)  Hickory-  Hill;  (2)  Shelf  Swamp:  (3)  Clioaie  Farm  Hill,  and 
(4)  Power  Line  Crossing.  Together  these  stations  provide  additional  reference  points  on  ridges  a.id  in 
valleys  for  comparison  with  nearby  stations  within  the  iiarvard  Forest. 

SHELTERED  STATIONS. 

PETERSHAM.  NICHEWAUG.  Elevation  1 100  ft.  (Figure  44). 

Situation:  On  very  slightly  concave  part  of  summit  of  Petersham  Ridge,  northwest  of  Niche waiy  Hotel. 
Vegetation:  In  small  grove  of  paper  birch  and  cononwood,  standing  in  open  field  of  grass  and  low  shrub 
growth.  Partial  canopy,  summer  and  autumn. 

Shelter  type:  Harvard  Forest  shelter,  wide  type,  nailed  to  tree. 

Instrumenta:  W.  B.  Maaimum  and  Minimum  thcrmon.eters,  August  to  January. 

PETERSHAM.  HIGH  SCHOOL.  Elevation  1055  ft.  (Figure  45). 

Situation:  On  very  gertlc  southeast  slope  of  Petersham  Ridge,  soucheasi  of  school  building. 

Vegeution:  On  grassy  lawn,  near  stump  of  dead  orchard  tree. 

Shelter  tt-pe:  Weather  Bureau  Standard,  portable  type, 

Li^LriUUCnig-  W.  B,  Maaimum  and  Minimum  thermometers,  including  additional  control  thermometers 
much  of  time,  January  to  July. 

HICJCORj|^HlIJy,JUNCTIO^.  Elevation  1000  ft.  (Figure  46). 

§iMUgn=  On  flat  upper  terrace,  which  forms  a  saddle  between  the  main  ridge  and  an  eaatem  lower  outlier 
of  Hickory  Hill,  Saddle  also  forms  the  head  of  Coach  Road  valley.  Sution  is  juat  north  of  junction  of  Coach 
Road  and  Cave  Swamp. Wildcat  Hill  Road. 

Moderately  dense  stand  of  old  field  white  pine  and  mixed  hardwooda,  includir^  much  hickory. 
Surfacea  of  wonda  roads  are  grassy. 

Shelter  type:  Weather  Bureau  Staiidard,  portable  typt:. 

Inatrumenta;  W.  B.  Maximum  and  Minimum  thcrmometcra,  December  to  July.  Thermograph, moat  of  April 
and  all  of  May. 

SHELF  SWAMP.  Elevation  990  ft.  (Figure  47), 

■SituaPOTi  In  upland  swale  at  aouth  baae  of  higheat  nummit  of  Hickory  Hill,  ami  on  rock  ahelf  near  edge  of 
steep  rocky  face  forming  west  side  of  Coach  Road  valley.  Station  is  s  few  yards  outside  Harvard  Forest 
boundary. 

ygBCt§t|gq:  At  north  edge  of  forest  of  50-foothigh  mixed  hardwoo-^s  with  some  hemlock,  all  much  damaged 
by  hurricane.  Area  to  east,  north  and  west  recently  cut  over.  Volunteer  growth  of  mixed  hardwoods,  includ. 
ing  hickory,  and  of  conifers, especislly  white  pine,  on  cutover  area. 

Shelter  type:  Weather  Bureau  Standard,  portable  type. 

ib^trumentg:  W.  B.  Maximum  and  Minimum  thermometers,  December  to  July.  Thermooraph  most  of 
April  and  all  of  May. 

WILDCAT  HILL.  Elevation  995  ft.  (Figures  48  and  49). 

Situation:  On  summit  of  hill,  separated  from,  but  near  to,  ridge  extending  south  from  Hickory  Hill.  Summit 
has  thin  soil  cover  over  crystalline  bedrock.  Stcepfsce  to  east  Overlooks  Hidden  Swamp.  Moderately  steep 
slopes  to  north,  west,  and  south. 

Vegetation:  Summit  near  cliff  edge  is  bare,  but  juat  to  west,  in  slight  hollow  and  on  back  slopes,  is  a 
moderately  dense  stand  of  large  hemlocks,  yellow  birches,  and  other  northern-forest  species,  50  to  70  feet 
high. 

Shelter  type:  Weather  Bureau  Standard,  portable  type. 

Instrumenta:  W.  B,  Maximum  and  Minimum  thermometers,  December  to  July,  Thermooraph.  most  of 
April  and  all  of  May.  » 


34 


Figure  ‘H  (upper  left)  -  PcterMliam  (Nicliew.mg)  StAiioii.  Lrniking  northwest,  past  shelter  in  grove  of  srnn  il 
birchc'i,  toward  Suiisc I  I.anc.  r)cccml)ei  .  I‘M7. 

I'lgurc  45  (upper  right)  -  I’ctcrKhain  (1  ligh  School)  Station.  Looking  northeast,  toward  I^ecershain  Center. 
Late  Marc.h,  19-Hi. 

F’lgurc  46  (Icftccntrr)  -  hlic  kory  Hi  1 LJ  unction  S  ration.  Looking  .so!.ithca.“>t,  down  Coach  Road.  I•ehruary•.  1948. 
Figure  47  (right  center)  -  Shelf . Swamp  .St.arion.  Looking  souilicaHi.  High  water  i.h  from  spring  melt.  Late 
March.  1948. 

I'igiirc  4fi  (lower  left)  -  VVildcat  Hill.  Looking  we.si-nonliwc.siward  from  Highway  122  and  across  ierraces 
hordcting  .Swift  River.  I  einpcia 'ni  c  slation  shelicr  is  barely  visible,  on  bil  1  sunim  it .  December,  1947. 
F’igiirc  49  (lower  right)  -  View  ( rorn  Wildcat  Hill,  looking  cast  from  station  into  Swift  Rivet  valley  and 
tow.ird  Lonng  Hill.  Arrow  ptint.s  to  River  Meadow  Si.vtion.  Febinai-,.  1948, 
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CUALn  kOAD.  350M.  (I'l^uiCb  ‘>0, 

SitiifUion;  Ojj  honslswrht  f.u'o  of  long  icrrated 
on  valley  floor  at  hatto  nf  Wildcat  Hill, 
bcNule  road  on  niCKlcralely  stecii  cm  .itit'  Icadino 


Ironi  Hcatioti 

ycoctfttion: 


.Station  1,'i  in  ope 
cover  inarcii  rs  nuxed  hardivood 
by  Inir  1  icanc. 

Shelter  type:  Weather  Bureau 
lnstrulnc^t^i:  W.  B.  Miixmmm 


>y  leaifered  low  hem lockn-  (General  i'otchi 
'(  which  wan  dniiiageil 


nifirc 


icriiioytrapl;.  mofit  of  Api  i 


Bigure  50  (upper  loft)  -  Coach  Road  valley,  hooking  norU,ea«t  from  Wiidcm  H,l].  acronn  Hidden  Swamn  to 
Coach  Road  and  eastern  wpurH  of  Hickory  rebruary,  19‘t8, 

RrdltanL‘'.Tp7iL'' ‘n  f-'igurc  50.  nhowing  Conch 

Li!rDecmnbrCl94^^  '  Station,  Looking  «outhweHi.  aeroH-i  Hidden  Swamp  toward  Wildcat  Hill, 

I  igurc  53  (lovvcr  ngbt)  -  Coach  Road  Station.  Approximately  same  view  a-i  in  |■|gurc  52,  but  sliowino  full 
Hummer  foliage.  July,  1948  ^  >  owing  luii 
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UJRN; 


BKJDGl 


vatlon  750  ft.  (f  ch  5^  ami  55}. 

>f  .Swjft  R.vcr  valley  near  jin.ctinn  tvnl.  Moccar,.n  Brwk.  Area  widely  hat  ..hallowly 

lin"  huXr  l.erhaceu,i.  iMowth  arrd 

Bdt  eaii  .Sr/itHlar-d  type,  Perntanem  m«ini lation. 

MaKirniiin  and  Mininui.-.,  .h^.iiM.ineict  ti.  Decciiihei 


triir'iihhe t')',  t 

^biL-LXli: 

Ifihli  urnciUH 


i  n>oi»i 


j-'*- ■  72^j  ft,  30  a.'id  37). 

flat  floor  of  .jtviP  Kiver  valley.  heJow  Connor  Ptnul,  and  aouthen.vt  of  riiotnh  of  Coach  Rr^ad 

}>eri  ^raoHy  meadow,  frjftneriy  the  "lower-  rnowinji'  of  Oio.atc  f'artn, 

Aeadicr  iiiir  can  Statnln r  d,  [xrr  i.tlile  type. 

W.  B.  Max. rr, tint  and  Mr.n.num  tl.er-mometerr,,  December  to  July.  Thermogr  aph,  all  of  April 


iMgurc  5.  (upj:cr  left)  Pan  nn  Bv.dHc  Marmo.  Imokmg  acuthwentward  paar  ntat.on  and  acrcs.s  H.ghtvav  , 
to  easter  n  np;irr,  of  Hickory  Hill,  March  9,  19-1 ,5.  ' 

J  ignre  5  )  (upper  light)  -  B.i.-m,  Bridge  5tanor.,  l.onkittg  norih-nonhwcHi  toward  i’etei  sham  Ceritcf  .Shelter 

March !^l94T.'  ^  '"‘n. tnum  thermorne tc,  is  iv.,-cJ  uuo  hemlock  in  left  cerUer  (2). 

1  igtirc  50  (lower  left)  -  River  Meadow  .Siaiion.  Booking  west-  sonthwest  toward  Wildcat  Hill  (riohi  back 
ground)  B. mien  lerr.ace  m  seen  m  left  h.ickgrouiul  above  roof  of  shelter.  Hare  <.  8  ' 

Bate  rehriiary,  I94fi, 

Figure  57  (lower  right)  -  River  Meadow  Station.  Booking  south. 

Kiver.  A\:uc, 


c  gi'AfiH  sliQWf#  !widcr  siichcr. 
tiigL'  cIniH  in  biiB'ikgt'oLinti  lK>rdcr  Swif: 


17 


-SOU  1 1 1  ISOUNDAK  V.  iili'v.iiui!!  ^50  li.  Sti,  5‘),  atui 

Si tc.n ion:  On  mIojiio^  ^;i  .nir  <il  abiUKionn!  jiornon  rif  hlf^hwaj’,  in  nairow,  Hicrp- >va I Ictl  vitfloy  Irailiii;^ 

down  from  l^ai  rc  Uptiinii  to  Swift  Kivttr. 

Vryctacion:  '^ttlcy  iififiti  irani  (nuntli)  from  HlAlion  in  piiiiially  wuoiioi,  I’lii  in  !ai  (^cly  Cutovri  oi-  in  old 

fields,  pasture,  and  cuttnddon.  Near  niaticm  ami  dowtiHueam  (lun  tli)  fi  oiii  ii,  valley  m  lieavily  ivooticiJ  witli 
old  hemlocks  and  some  mixed  hardwooda,  ‘’0  to  70  feet  i.igli.  I  lie  highway  piovidm  an  an  clianiicl  tlirough 
tlx  lorcht.  No  canopy,  but  early  moi  iiing  and  late  aflctnoon  aiiade.  Actual  station  sue  ingiaftay,  with  denfic 
growth  of  hemlock  lesn  than  nnc  loot  liigli. 

She  lie  I'  type:  Weather  Buieau  Staiulmd,  pm  lal’Ie  type. 

liiHtru ment't:  W.  id.  Maximum  and  Miniimim  tlier  mometei  ».  iJcccmhei  to  ,!uiy.  I  hr  i  fruigi  ajih,  pm  t  of 

April  and  all  of  May, 

HHMLCXdK  KN'OLl  .  Hlcvutum  705  it.  (1  •iguic  0  1). 

Siteation:  On  tiiimmit  ol  ifiol.aled  oval  hill,  of  moui  iiika  me  lyfnr,  rising  5t)  feet  aimve  gently  nlnjviiig  tei  i  acr 

to  west,  and  40  to  50  feet  ahove  >iw,iles  which  Hcp.iraie  tliiii  kitdll  from  niimlar  k!ioll!i  to  noi  tii,  caai,  jiiul 
soutli.  lerracc  ends  abruptly  .at  steep  bank  which  drops  ^^0  to  K)  lect  to  Swift  Kivet  .  lo  cMist,  .at  tic  hcadn 
ol  the  swales,  is  a  higher  terr.jcc,  from  which  the  castcinmo'ii  knolls  i  loc  only  10  to  U)  feet. 

Vcyctation,'  Moflcrately  dense  stand  ol  40-  to  50  -  foot-high  hrmliK  k  and  mixed  noi  thorn  hardwooi.Jn.  Heavy 
but  not  complete  canopy  m  siiairncr.  Much  shade  at  all  seasons.  I  ivclc  undergrowth.  Vegetation  on  knoll  lo 
nortli  and  on  steep  opponirc  bank  of  .Swift  Kivei  for  ms  an  -drainage  darn  ufistrcam  between  Kivei  Meadow 
and  this  station. 

■Shelter  type:  VVeather  Bureau  Staiula td  type,  f’crrnnnent  inritaliatiuii. 

Instruments:  W,  B.  Maximum  and  Minimum  thermometers.  Deec rnhe r  to  July. 


IHgurc  58  (upper  left)  -  South  Boundary  Station.  I, unking  west-southwest  across  stream  and  highw.ay  tow, aid 
gravel  hill  on  north  slope  of  South  Hill.  I'cbniary,  1948. 

Figure  59  (upper  right)  -  South  Boundary  Station.  Approxi ma te I v  a.nme  view  as  Figure  58.  August,  1948. 
Figure  60  (lower  IcftJ  -  .South  Boundary  Station.  Looking  :iorih,  ilfr.vii  rigdit -of- way  of  old  road.  Stand  of  old. 
growth  hemlock  in  right  background.  August,  I94K. 

Figuxe  Oi  riowci  right)  -  fiemiock  Knoll  St-ation.  I.ookiiig  iioi  tli  towuivl  slicltei  on  Ci  est  of  knoll.  1‘ebruar  v. 


■  V-  V. 

•  •  1-*.1  m. 

fi  ■  ■  ■ 

ry7 
■  :■ 

In  *  J  «  1*— 

I  KAiLSiOfi  jWAi-li.  f;it;vat('‘)i  750  ft.  (r’l^'w  c  62). 

Simatiott:  In  nwalf  scpni  iiting  knoll  froin  icriacc  and  knollH  lo 

Vci^ctation:  Dcnac  «tftnd  of  50.  to  70.foot.(iigh  hetniwrks  nnd  tnixcd  nortlifrn  hardwoods  v..ih  corisidcrabK- 
ti(tvJcr»[oi  y  of  whortcr  trees,  20  to  50  I’eet  high.  Morning  Hhaclc.  Altcrnixin  Hunshinc  in  winicr,  Derifie  Cisnopy 


111  suiiuncr. 
■Slicitei  lyfic: 
liititniiiienti.; 


Ilurvrrd  I'oicNt  type,  wide,  n.tiled  to  tree. 

W.  li.  Maxmu’iii  and  hliniinum  therniomcierfi,  March  to  July. 


IkAN.ShCT  .SVVAl.i:.  hlevation  'J^'6  ft,  (k’lgui  cH  63  and  64). 

Ijiktation:  In  nwaJe  at  norihwcHt  htt..ir  of  South  Hill  end  alinoci  300  feet  helow  us  fitirninn.  On  ivchi  side  ol 

fowaic  IB  a  fttfii^  of  knolln  which  form  a  knobby  low  ridge  10  to  30  feet  higher  than  swale  but  drooping  aw.i-, 
on  l.ir  Bide  4i)  to  70  feet  to -Swift  River.  I  lie  BWnlc  ilnelf  ib  part  ol  ,i  long  narrow  terrace  whic  h  terniinate'. 
Ill  a  H).foo:  bank  at  its  noi  ihenst  end,  and  in  a  50-foot  rtver-cui  l  ank  at  lit.  houlbwcsi  cn<i. 

ftt t Ion.  Neat  Mtafion  the  foiCBl  is  a  laii  ly  open  sta.nd  of  40-  to  60. foot  high  mixed  hardwoods,  wiili  a 
lew  hcinlf>ck«.  Northeniit  end  ol  swale  ib  closed  i>y  Biniilnr  lorci.t  but  with  inucii  greater  proportion  of  hern- 
lock.  .Soiiihwcnt  of  Htniion  an  alinoni  pure  stand  of  young  hemlock  cIobcb  swale,  licyond  i«  a  mature  «taiid  ol 
old-field  white  pinc.SiHiton  h«B  morning  hlmtic,  little  winter  canopy,  and  dense  .summer  canopy. 

■Slielicr  tv[fc:  Weather  Bureau  St.mdard  type,  f’ermanent  installation. 

jnwtrumcnts:  W.  B.  Maximum  and  Minimum  tliermomercrM,  December  to  .luly.  Thermograph ,  p,i  i  ih  ol 
March  and  April,  all  of  May. 


bigiire  62  (upper  left)  -  Tr.iilsidc  Sw.nlc  .Station.  Looking  southwc.si,  down  drainage.  Hemlock  knoll  m  lo 
right.  .March.  194  8. 

I■|gtlre  63  (lower  left)  -  1  ranscct  Siva  le  Station .  Lotik  ing  .Mouthcaut  ."icroHs  swale  ,ind  up  slope  ol  South  LiouikI- 
ary  Hill.  Harly  spring,  1948. 

I'lgifc  64  (right)  -  T.anseet  Sw.ile  Station.  Looking  southweni.  L.ite  July.  1948. 
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ARLINGTON  HALL  STATION 
ARLINGTON  12  VIRGINIA 


MICRO-CARD 


CONTROL  ONLY 


NOTICE 


WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  CTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  XN  CONNECTION  WITH  A  DEFINITELY  RELATED 
GOVERNMENT  PHCK^UREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREB/  INCURS 
NO  ElSPONSIBILFTYs  NOR  ANY  OBLIGATION  W^HATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  CONVEYING  ANY  EIGHTS  OR  PERMISSION  TO  MANUFACTURE 

A A stjLT  7 £:«i^ A A isiTi A  m£i.t  IN  X  w/*x  Bn.  itEijATED  THERETO. 


i  -  1 

—  1 

't-  i 

1 

1 

1 

r  ’  '  1 

\  ^  1 

»•  V,!.  .  1.  I 

iWfin,  ftfrep 


fiK'fi  othfi  by  valiryt*  f>f  Swih  Kivn  dnti  tiiibufaf  y 


WHlTi;  i’iNI;  IK)i  lOMS.  blcVilllOtl  t>^iO  Ij.  O'ljinitMi  o*'?,  00,  ti  / ,  st!u!  Oii). 

O"  'datively  ■■vide,  Has  Mulacir  of  luntoinlaiui  jiiM  bdaw  )tiiitiim)  li  .Swift  i^ivei  auiI  hiii.ili 
(lowiis^  (••  eok,  an.l  iioi  ih  of  ^icac  river  fH'iid  at  ».otiilnvc >,(  ciiiti.-i  of  Itaivaul  I'oirNi.  In  raftt  of  •itaiioi. 
lo  tlic  knoll  anil  iciracc  arf.i  tic  sc  i  >  bed  above.  littyoiSii  iltit.,  to  sKsiitlu-is^!,  i>i  Souih  Hi 
hills  border  tiu*  luittoni land,  hut  ate  scparatiul  fi 
streatns  that  join  i.hc  Stvifi  in  thin  vicinitv. 

Mm-  Dvnsc  old-lidd  yfund  ol  70- yea  r .  old  wliilr  jOnrs.  some  ol  wliuh  ai  c  inotr  than  IlMi  fret  hijjli. 
Partially  open  c.inopy.  Undci  sioi  y  of  70-  to  ^0-^(K)t  -  luj^li  nine, I  lia  r  d.vtKHls,  iiKliidin^  l.iji  iiheaiii.  I  he  hatd- 
wood.s  form  a  dense  Mmiuiiei  canopy  hut  thcnisdveti  receive  suiiliglit  thi ouj^li  openiiiy'ii  a inonyi  the  pines . 
Sliclter  cytH’:  '>Veathei-  Bureau  Standani  lyjie,  I’rrmanetit  instal lation. 

lUJlLriiO  'go  ^  Waaiiii'im  and  Miiniiiiiin  tin;  rinooieterit  iiiiii  the  i  rnoyjiiipli,  Deceiiihri  to  July, 


F’lgurc  65  (upper  left)  -  White  Pine  Bottom-j.  Looking  southwest  into  70-yeai.old  white  pine  atand  fioio  west 
edge  of  bordering  outwash  tcrr,acc .  March,  1948. 

iMgure  66  (upper  right)  -  White  Pine  Hfittoms  Station,  l.ooking  north  lowaitl  Hlicltcr.  Mardi,  194S. 

Figure  67  (lower  left;-  -  White  f^inc  Bottoms.  Looking  upward  from  a  point  ne.ir  uhellei  ,  Hliowing  paitially 
open  canopy.  March,  1948. 

Figure  68  (lower  rigiu)  -  White  Pine  i^ottoma  Station.  Looking  north- not  thwcut  ttiwaid  statioti,  th.roogh 
dense  foliage  of  young  hardwoixl  uridcrsioi  y,  f,.atc  .inly,  1948. 


,NCKS(!I!1  IfiKi;!.)  ^riA  llONS. 


iilCKOHl  ilH.I..  I Ir’ Vsi nc?n  ft,  ;* 

-liiiiiliil'ti.'  0"  alri.ONl  Ihit,  cicul  of  lir.:k<y.  y  iiill.  Ccrillc  «!opc  to  wt-U.  ;.t..-ep;r  s.Jopc  w.ili  :,cverH  1 

fucplown  Isrcii  Ilf  litiirock  «>  enfi.  Sc.»n<ri-ii  .iici«h  ol  c  Apjhcd  bcdrin'k  on  ci  Chl,  iiichidinji  .hc  v'c.  a  1  hiiyc 
|>cicfH'«!  tKiuHcrs  near  Coach  Koaii,  noi  tii  of  ’sKuion. 

Scaiuw  r-.l  (.•lutc  J IIK-  and  fiickoi  y,  -10  fcci  hiph.  W.Jc  mtci  vcninp.  a.  ciu.  witli  km  shrul)  cover  or 

'  a  lo. . 

Non.ihcltci  .-d  W.  h.  Mininuini  i|,r.  n.on,c-u-i  wi liiout  pia rd,  vo red  between  open  lower  branches 
f>l  a  ivintt:  pine,  Octofjer  tn  June, 


SUL  I  I-  SVt'A  Ml  iilevation  990  ft.  (!'  iS.;iire  7uj. 

!>'  “|>iand  swale  at  houiIi  leise  of  higlu-t,i  svimniii  of  llifkoi  y  tli!],  and  on  hrK  shelf  neat  edge  of 
utecfi  lucky  f.ace  fi.o  niin^;  west  side  of  Coach  H  oad  valley. 

I'l  small  group  of  hemlocks  at  north  edge  of  wr»oded  area  and  about  ■lO  feet  .southca.si  of  shel¬ 
tered  .stattori,  Heavy  canojjy  bur  npen  to  an  drain, age  fr  om  nor  ib. 

Instillment.  Nonslieltei  ed  W,  U.  Minimum  tb.- ,  mnmeie  r  wi  thout  gua  rd.  wi  red  between  open  lower  luanches 
III  a  large  hemlock,  Nnvembei  lo.luru:. 


C^AVIt  ftU.M)  SVVAMf'.  Itlevalion  9)U  ft.  (I  iguie  7lJ. 

-'>”ir.ll  swamp  in  nanow  wnulgap  valley  between  Wildcat  Hill  (to  east)  and  long,  low  ridge  (to 
nor  ill  .itiii  West).  ^  ' 


y<:ge'aiio,n:  Open  srandmg  w.iiei  nr  wci  gound  with  much  .-uvamp  shr  ub  ar  ound  station.  A  iTij.i!cd  hardwood 
forest  of  50.  to  70-fooi-iiigh  trees  lo  nor  ih,  west,  and  south,  paitiallv  damaged  by  burncane.  CoriHidcrahle 
bcrnlock  to  east  and  iioi  tlica si ,  on  and  neat  slopes  of  Wildcat  Htll,  Little  canopy.  Morning  shade. 

Nonshcliered  W,  li.  Mimmum  thermometer ,  wi thoui  gua rd,  wi red  between  branchcB  of  ema  11 

licnikH  k  at  edge  of  swamp,  Apt  il  to  June. 


I'ig'.irc  69  (left}  -  Hickory  Hill  Station.  Nonshclteied  minimuin  thermometer  i.s  wired  between  branches  of 
white  pine  m  left  foregruund.  Late  December,  1947. 

f'igure  70  (ii[)per  right)  -  Shelf  Swamp  Station.  Looking  south  -  somliwern .  Hnily  spring.  194t!. 

I-igurc  71  (lower  right)  -  Cave  Road  Swamp  Station.  Looking  not  ihwest  inrn  mixed  stand  of  cenii  .il-  and 
triinsiiion-toi  est  iipecicfi.  Thci  inomcie  r  is  wired  into  branches  of  .small  hendock  gr  owin.,.  m  .sw.imn. 
I'ehiiiary,  194fl, 


I^QRTAI.  ^;WAMP.  H!cv«iion  920  ft. 

Situation:  Small  swamp  noi-ili  of  Wildcat  Hill,  on  sliclf  above  cliffs  winch  form  west  side  of  Coach  Koad 
valley.  Swamp  is  at  northeast  jxirtal  to  «-ind^ap  forming  Cave  Road  valley. 

Vegetation;  Scattered  20.fooi.high  hardwo^  and  hemlock  irecs.  itatcnsive  arcan  of  swamp  shrub.  l  ufis 
of  sedge,  sphagnum,  and  grass  oti  swamp  ftoo'-.  Little  canopy.  Afiernoon  shade. 

instrument:  Nonsheltercd  W.  H.  Minimum  thermometer  without  guard,  wired  to  small  red  maple,  April 
to  June. 

LINDKN  rL'RRACli.  BIcvation  860  ft, 

Situation:  Lower  of  two  rock-floored,  drift. covered  terraces  south  of  Wildcat  Hill.  On  west  and  noi  ihwcsi 
is  a  moderately  steep  slope,  leadittg  up  to  the  higher  terrace  and  Cave  Road  valley.  On  caul  is  mwicraicly 
steep  slope  down  to  Swift  River. 

Vegetation:  Mined  hardwoods,  40  to  60  feet  high,  including  much  hickory,  togciher  with  older  white  pine. 
The  siand  was  greatly  damaged  by  the  1938  hurricane  and  was  subsequently  logged.  Little  undcig.'owtb, 
and  no  canopy  near  station. 

Instrument:  Nonsheltered  W.  B.  Minimum  thermometer  without  guard,  wired  I'etwccn  nails  on  high  dead 
stump  of  .small  white  pine,  April  to  July. 

CHOATE  FARM  HILL.  Elevation  930  ft. 

ftroaJ  gently  rounded  crest  of  long,  oval,  drift-covered  bedrock  hill,  with  short  slope  to  saddle 
on  north;  long,  steep,  pai  tiy  eJiffed  slope  cast  and  aouth  to  Swift  River;  and  long,  very  steep  slope  west  to 
valley  of  small  creek  flowing  southward  to  join  Swift  River  near  White  Pine  fkitton.s. 

Vegetation:  Open  farm  fields  on  gentle  upper  slope  a,  except  for  trees  and  shrubs  formit^  field  boundaries. 
The  “upper  mowing’  of  the  Choate  Farm.  Dense  woods  on  lower  slopes  to  cast,  south,  and  west. 

Instrument:  Nonsheltered  W.  B,  Minimum  thermometer  without  guard,  wired  between  lower  branches  of 
small  while  pine,  October  to  April. 

SOUTH  HILL .  Elevation  1010  ft. 

Situation:  At  highest  point  of  this  hill  inside  Harvard  Forest  boundary,  slightly  downslope  from  and  north 
of  hill  summit  (1041  ft),  Land  slopes  gently  near  station  but  at  a  slight  distance  from  it  drops  steeply  to 
east,  north,  and  west. 

Vegetation:  Once-dense  growth  of  mature  mixed  hardwoods  aivd  white  pine,  now  much  opened  with  huge 
deadfalls  from  hurricane.  Very  little  undergrowth  near  station,  and  almost  no  canopy. 

Instrument:  Nonsheltered  W,  B.  Minimum  thermometer  without  guard,  wired  between  branches  of  dead 
white  pine  stub,  November  only. 

TRANSECT  pOLL.  Elevation  760  ft. 

Sttuation;  Narrow,  long,  north  -  south-trending  knobby  ridge,  with  short  slope  esse  to  Transect  Swale 
(described  above),  and  with  long,  steep  slope  to  Swift  River.  On  the  southwest,  midway  between  summit 
level  and  river,  is  a  broad  terrace.  This  is  lower  than  Transect  Swale  and  ends  abruptly  at  bank  forming 
edge  of  White  Pine  Bottoms. 

Vegemion:  East  slope  and  summit  predominently  mixed  hardwoods,  30  to  40  feet  high,  together  with  some 
white  pine.  White  oak  is  common.  North  and  northwest  slopes  predominantly  large  hemlock  with  some  north¬ 
ern  hardwoods.  Considerable  canopy,  but  open  to  aides. 

Instrument:  Nonsheltercd  W,  B.  Minimum  thermometer,  with  metal  guard,  wired  between  branches  of 
moderately  large  hemlock,  May  to  July. 

BURNS  BRIDGE.  Elevation  750  ft.  (Figure  55). 

Situation:  On  floor  of  Swift  River  valley,  just  south  of  junction  with  Moccasin  Brook.  Area  widely  but 
shallowly  excavated  for  gravel. 

Vegetation:  Relatively  isolated  hemlock  at  south  edge  of  extenuive  area  of  bare  gravel.  Heavy  canopy  bui 
open  sides.  Considerable  low  shrubbery,  especially  berry  buehcB,  near  station. 

Instrument:  Nonsheltered  W,  B,  Minimum  thermometer  without  guard,  wired  into  lower  branches  of  small 
hemlock,  September  to  June. 

POWER  LINE  CROSSING.  Eleva  tion  600  ft. 

S i tuaiion;  On  broad,  flat  valley  floor  near  river  h.iiik.  Ihc  iiver  plain  is  Ixjrdeicd  in  placci.  I'y  wide, 
flat  terraces,  about  20  feet  higher  than  main  valley  floor,  i.owcst  station  in  project,  I  1/2  inilcH  down.Htream 
from  Harvard  Forest  boundary,  and  nearest  station  to  Quabbin  Reservoir. 

Vegetation:  Meadow  to  north,  with  open  plantationof  very  young  white  pine.  Larger  growth,  including  aider 
and  hornbeam  .near  stream.  Large  hickories  near  road  on  north  terrace. 

Instrument;  Nonsheltercd  W.  B.  Minimum  thermometer  without  guard,  wired  to  nails  on  >riink  of  sm,-|ll 
sprout  red  maple  amid  low  shrubs,  October  to  Fehruary. 
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CHAPTIjR  IV  .  PINDINGS  AND  ANALYSIS 


In  iluN  chapter  die  following  topic*  arc  diNCuoacd.  in  the  order  liatcd:  (l)  Ri  lativc  relia¬ 
bility  of  varioua  type*  of  data;  (2)  reliability  of  comparative  data  gathered  for  only  one  year; 
(3)  weather  cotiditiona  at  Harvard  Poreat  during  the  period  of  atudy;  (4)  companaon  of  Idarvard 
Poreat  temperature  pattern*  with  those  of  other  New  England  atations;  (5)  diHCuaaion  of  local 
factor*  that  help  to  explain  the  diversity  of  temperature  at  Harvard  Forest,  with  erampleti 
Nhown  by  copie*  of  thermograph  trace*  and  by  other  graphic  materials;  (6)  description  of 
ternperature-rank  scale*,  botii  maximum  and  minimum,  a*  a  mean*  of  claMsifyirig  stations 
within  fiarvard  Forest,  together  with  an  explanation  of  how  scale*  were  constructed  and  some 
comment*  on  their  uwefulne**  and  their  shortcoming*;  (7)  presentation  and  analysis  of  fre¬ 
quency  diNtributionn  of  daily  maximum  and  minimum  temperature^*,  by  seasons,  for  selected 
station*;  and  (8)  disciiasion  of  special  temperature  conditions  affecting  plant  growth,  including; 
length  of  vegetative  season,  number  of  frost  days  and  ice  days,  number  of  hours  per  month 
having  freezing  temperature*,  and  number  of  vegetative  days,  summer  days,  and  tropical 
day*.  The  Mupporting  data  for  ;he*c  discussions  arc  contained  in  Appendixes  A  through  P, 

1 .  Relative  Reliability  of  Variouw  Type*  of  Data. 

Because  the  gathered  data  are  the  chief  source  upon  which  the  findinga,  analysea,  and 
concluaiona  preMented  in  this  chapter  and  in  Chapter  V  are  based,  it  i*  desirable  at  this  point 
ro  indicate  the  relative  reliability  of  the  data  gathered  by  each  of  the  methods  previously  dc- 
scribed-  Figure  72  ■how*  how  selected  ststions  compare  with  each  other  each  month  according 
to  three  ^yp^"  of  data;  (t)  average  maximum*  and  minimum*  compiled  from  daily  readings, 
(2)  average  maximum*  and  minimum*  compiled  from  weekly  readings,  and  (3)  monthly  absolute 
maximum*  and  absolute  minimums.  It  should  be  noted  that  the  diagrams  composing  Figure  72 
do  not  nbow  actual  temperatures;  rather  they  show  deviations,  for  stations  used,  from  the  tem- 
}x;ratiire  conditions  at  I  la rva rci  t  iill  .Station.  I  he  three  dingranin  in  the  left  column  show 
tlic  selected  s[atio:is  compared  according  to  deviations  of  average  daily,  weekly,  and 
monthly  rnaximuni  teinpcranircH:  tlie  three  diagrains  in  ihe  right  column  show  comparison.s 
according  to  deviationK  of  aver.ige  daily,  wei'kly,  and  iiiuntlily  miininum  temperatures.  The 
compariHons  are  discussed  below. 

a .  Daily  Rcadims  of  Extremes. 

Obviously,  in  this  study,  the  greatest  amount  of  information  and  the  most  accurate  differ¬ 
entiation  among  atations  is  that  derived  from  continuous  thermograph  records,  which  not  only 
give  a  daily  maximum  and  minimum  but  also  make  it  possible  to  determine  total  number  of 
hours  below  or  above  critical  temperature  thresholds,  comparative  hour  and  rate  of  warming 
or  cooling,  and  small  but  important  details  of  temperature  change  throughout  the  day.  When 
check  thermometers  are  used  with  the  thermograph,  and  careful  regular  adjustment  is  made, 
as  needed,  considerable  confidence  can  be  placed  in  the  records  obtained. 

b.  Weekly  Readings  of  Extremes. 

Figure  72  shows  that,  in  general,  stations  compared  on  the  basis  of  extreme  minimum 
readings  taken  once  a  week  have  essentially  the  same  arrangement  in  order  of  rank  as  to 
coldness  as  when  compared  on  the  basis  of  daily  minimum  readings.  The  weekly  minimum^ 
are  good  random  samples.  It  is  apparent  at  once,  however,  that  the  relative  position  of  a  few 
very  similar  stations  differs  on  the  two  charts.  Also,  some  stations,  although  in  the  same 
order,  are  indicated  as  slightly  warmer,  or  colder,  on  the  weekly  chart  than  on  the  daily  chart. 
It  may  beconcludedthatexceptwhen  very  precise  differentation  is  desired,  a  mean  of  the  weekly 
minimum  temperatures  gives  a  satisfactory  approximation  ofa  station's  minimum-temperature 
rank  or  relative  coldness  for  a  month. 

For  comparisons  of  maximum  temperatures,  the  weekly  readings  also  are  useful,  but  much 
less  so  than  the  weekly  readings  for  minimum  temperatures.  Several  factors  help  to  account 
for  this.  Differences  in  maximum  temperature  from  place  to  place  arc  much  smaller  than  those 
of  minimum  temperature.  Hence  a  difference  of  only  one  degree  in  maximum  temperatures  can 
change  a  station's  relative  temperature  rank  much  more  than  does  one  degree  of  difference  in 
minimum  temperatures.  Then  too,  the  extreme  mininium  tcmpcraturcs  occur  at  night,  at  times 
when  the  air  is  comparatively  still,  and  layering  is  general.  Differentiation  from  station  to 
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HAfIVAMO  FORCST  -  PCTCMSHAM,  M*  55  AC  M  U  S  C  T  TS 

DEVIATIONS  OF  TEMPERATURES  AT  SELECTED  STATIONS 
ACCORDING  TO  TYPES  OF  READING 
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NUtion  iH  likely  to  be  very  nearly  the  aame  on  mont  cold  mghts  (Ciciger  1950,  p.  253j,  and  the 
one  coldem  ni^ht  ia  fairly  repreacr.tative  of  the  other  cold  nightN  during  die  week.  Maiimi'm 
tempcraturca,  by  contraat,  occur  unualiy  on  nunny  afternoonn,  at  which  cinic<i  gradienen  arc 
auperadiabatic  and  the  air  in  frequently  unatable.  One  niation  may  be  slightly  warmer  than 
another  on  the  firat  hot  day.  and  be  cooler  than  the  odier  on  the  nem,  or  may  be  warmer  on  all 
of  aeveral  hot  daya,  but.  bccauae  of  wind  or  aomc  other  factor,  be  a  few  degrecii  cooler  on  the 
hotteat  day,  which  ta  the  only  o.ic  recorded  fo^  the  weekly  reading.  It  muac  be  recognized,  then, 
that  mcana  derived  from  weekly  maximuma  are  a  much  Ichk  ur>efnl  index  of  relative  maximum- 
temperature  rank  chan  the  meana  of  weekly  minimuma  are  of  relative  minimum-temperature 
rank.  Hven  ao,  the  variabilitiea  of  given  weeka  tend  to  be  cancelled  out  when  averaged  for  a 
month  or  a  aeaaon,  and  means  of  .naxirnum  temperatu.''e  so  derived  can  be  conHidcred  useful 
for  approximate  rhnking  purposes. 

c.  Monthly  or  Seaaonal  lixtremes. 

it  will  be  noted  in  Figure  72  chat,  aidiOugh  slight  changes  in  the  order  of  similar  stations 
result  when  the  monthly  minimum  rather  than  the  mean  of  weekly  minimums  is  used,  the  gen¬ 
eral  arrangement  still  prevails  for  the  stations  with  the  greater  contrasts.  It  is  evident,  how¬ 
ever,  that  the  range,  month  by  ntonth,  is  more  variable  than  on  the  daily  or  weekly  charts. 
One  exceptionally  strong  inversion  on  an  unseasonably  cool  night  gives  a  great  range  for  a 
given  month,  whereas  the  average  range  for  litat  month  as  shown  by  the  mean  of  weekly,  or 
daily  readings,  is  much  smaller  than  for  several  other  months.  For  determining  a  general 
pattern  of  coldness  among  various  srarions,  a  single  set  of  readings  is  almost  as  useful  tr  a 
monthly  mean  of  weekly  readings;  but  precise  placement  of  stations  on  a  graduated  degree 
scale  is  not  warranted. 

Extreme  monthly  maximu.Tis,  by  contrast,  show  so  little  correlation  with  monthly  means 
of  weekly  maximums  that  one  must  conclude  they  have  little  value.  If  all  die  maximums  occurred 
simultaneously  at  ail  stations  the  pattern  would  be  more  distinct  and  uaeful,  but  such  is  seldom 
the  case. 

d.  Rapid  Traverse  Surveys. 

As  indicated  in  the  preceding  section,  a  si  nglc  minimum- temperature  reading  each  month 
is  useful  for  comparir^  places  as  to  relative  coldness.  It  follows  then  that  a  scries  of  rapid- 
traverse  readirgs  taken  carefully  on  a  well-chosen  night  will  gjyc  useful  results,  and,  more¬ 
over,  will  make  it  pot^siblc  to  compare  many  additional  places  where  stations  have  not  been 
established  (Brook.i,  1931,  p.  493  ff;  and  Geiger,  1950,  pp.  264-265,  citing  Kraus,  1911  and 
others). 

Rapid  afternoon  traverses  for  differentiating  places  as  to  maximum  temperatures  arc 
lesi*  useful  than  traverses  for  minimum  temperatures,  for  reasons  already  given,  but  probably 
yield  data  of  more  value  than  those  in  a  set  of  once-monthly  maximums,  for  the  reason  that  the 
readings  arc  all  for  the  same  day.  If  the  day  is  selected  with  some  care,  significant  differences 
will  be  revealed  from  place  to  place,  especially  when  some  places  arc  wooded  and  others  are 
in  the  open.  Actually,  the  readings  taken  from  a  sling  thermometer  on  such  a  traverse  will 
probably  be  slightly  more  accurate  than  if  the  readings  had  been  obtained  from  sheltered  instru¬ 
ments  at  the  same  places.  Because  conditions  usually  vary  slightly  from  minute  to  minute  even 
on  a  quiet  afternoon,  however,  the  differentiation  of  maximum  temperature  obtained  during, 
say,  a  two-hour  period  cannot  be  considered  accurate  to  within  less  than  two  degrees,  unless  it 
can  be  determined  from  thermograph  records  from  twoor  more  contrasted  places  that  conditions 
were  exceptionally  uniform  during  the  traverse  period.  The  various  thermograph  traces  shown 
later  in  thi.s  chapter  indicate  that  such  periods  do  occur,  but  usually  not  on  sunny,  days  when 
the  greatest  differencer  in  maximum  temperatures  from  place  to  place  arc  most  likely  to  be 
found. 

c.  Seasonal  Samplings  with  Thernx>graph8. 

A  thermograph  record  kept  for  only  a  short  period  at  one  place  has  great  value  for  show¬ 
ing  local  conditions,  and  for  comparing  stations.  Unfortunately,  such  a  record  cannot  be  used 
for  determining  normal  means,  extrcmc-s,  or  frequency  distributions.  As  obtained  at  Harvard 
Forest,  where  records  were  being  made  simultaneously  by  several  thermographs  operating 
the  year  round  and  by  the  hygrothermograph  at  the  Headquarters  stations,  .such  short-time 
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records  wire  found  to  give  only  .1  gcncrsl  iudicaiion  of  the  no*  inal  icfnpersiurc  character¬ 
istics  of  the  station  srhere  taken.  When  used  for  at  least  a  month  at  any  one  place,  however, 
the  thermographs  provided  valuable  information  about  extremes  of  maximum  and  minimum 
*  tempereture.  and  number  of  days  liaving  temperatures  above  or  below  critical  thresholds. 

Such  data,  even  for  a  single  month,  give  added  value  to  tables  of  frost  days,  ice  days,  summer 
days,  and  the  like,  and  emphasize  differences  which  might  not  he  apparent  from  fables  of  weekly 
extremes  alone.  It  will  be  readily  apparent,  however,  that  statistical  analyser,  of  greater  aignif- 
icance  could  have  been  made  in  this  study  had  more  thermographs  been  used  from  the  start, 
and  if  each  had  been  placed  ir>  a  distinctively  different  locution  and  operated  there  continuously 
for  the  full-year  period.  Not  all  the  distinctive  difft'rcnccB  were  known  at  the  beginning  of  the 
study,  however,  and  the  various  procedures  used,  and  the  large  network  of  stations  operated, 
made  it  possible  co  differentiate  the  tempet  '^tures  of  many  more  places  than  if  more  detailed 
records  had  been  sought. 

The  study,  as  co.iducted,  produced  a  large  body  of  daily  reading®  from  a  few  stations, 
sufficient  to  provide  an  accurate  basis  for  comparison.  In  addition  it  produced  a  large  body  of 
weekly  readir^s  from  many  station®  —  readings  which  arc  extremely  useful  for  differentiations 
of  minimum  temperature,  and  fairly  useful  for  differentiation  of  maximum  temperature.  Lacct 
studies,  intended  to  be  more  precise  and  to  provide  more  detailed  information,  could  well  be 
concentrated  at  the  sites  already  discovered  to  be  of  grc.ncst  interest.  At  such  sites  it  would 
be  most  vslusble  then  co  obtain  a  continuous  and  more  comprehensive  record  not  only  of  tem¬ 
perature  at  various  heights,  but  of  humidity,  precipitation,  and  wind,  and  of  soil  temperatures 
at  the  surface  and  at  various  depths,  to  mention  a  few  (Baesrf  and  Zolyomi,  1933;  Geiger,  Woelfle, 
and  Seip,  1933 and  1934;  Kunkele,  1933;  Schmidt,  1930  and  1934;  Tinn,  1938;  and  Wolfe,  Warcham, 
and  Scofield,  1949). 

2,  Reliability  of  Comparative  Data  Gathered  for  Only  One  Year. 

Admittedly,  the  data  gathered  duiing  only  one  year,  and  that  a  year  with  several  unusual 
seasons,  are  not  likely  to  be  so  reliable  for  studying  the  climatic  relations  of  the  Hai  vard 
Forest  as  dau  gathered  for  lor^cr  periods.  It  will  be  seen,  however,  from  Figure  73,  which 
shows  comparative  temperature  data  for  Boston,  Mass,  and  Concord,  N.H.  plotted  for  a  30- 
year  period,  that  although  temperature  conditions  may  differ  considerably  from  year  to  year 
at  a  given  station,  the  comparative  warmth  or  coolness  of  a  particular  station  with  respect  to 
neighboring  stations  remains  approximately  the  same  in  practically  all  years.  It  in  only  slightly 
les.n  true  for  maximum  temperatures.  So  long  as  site  character  does  not  change  significantly, 
various  stations  should  remain  in  approximately  the  same  relationship  to  one  another.  Data 
of  the  kind  plotted  in  Figure  73  lead  one  to  conclude  that  analysis  of  the  record  for  any  one  year 
within  that  record  should  give  a  reasonably  accurate  picture  of  the  differences  between  the  »wo 
stations.  Consequently,  one  can  place  considerable  confidence  in  the  differences  indicated  by 
a  single  year's  record  for  Harvard  F^orest  obtained  in  this  study  and  cited  in  the  pages  to  follow. 
Obviously,  to  provide  a  higher  degree  of  reliability  a  longer  record  would  be  more  desirable. 

3,  Weather  Conditions  at  Harvard  Forest  during  Period  of  Study:  August,  1947 -July,  1948 
(Figure  74,  Appendix  A-2,  and  Tracy,  et  al.,  1947-1948). 

Throughout  the  period  of  this  study,  climatic  conditions  in  New  England  were  seldom 
average;  at  times  the  departures  from  .  verage  for  individual  months  were  quite  large,  although 
for  the  full- year  period  the  plus  and  minus  departures  almost  balanced.  Annual  averages  lor 
the  whole  period  would  give  little  hint  of  the  very  unusual  conditions  which  prevailed  during 
several  of  the  seasons.  Summer  of  1947  was  warmer  than  average  but  came  to  an  early  close. 
The  growing  season  ended  ?, bout  September  20  in  valleys  and  about  September  23  on  the  uplands. 
Autumn,  which  began  early,  was  very  warm  and  dry  at  first.  During  October,  forest  fire  danger 
remained  high  for  several  weeks,  A  moist,  cool  Novemk-r  followed. 

The  winter  of  1947-1948  was  colder  than  average,  with  average  or  less-than-average 
precipitation,  but  with  record  or  near-record  snow.  Continuous  snow-cover  lasted  from  late 
December  to  late  March.  Snow-cover  disappeared  rapidly  during  the  third  week  in  March. 
The  growing  season  began  by  May  3  on  the  uplands;  in  forested  parts  of  the  lowlands  it  began 
about  May  18,  but  in  open  sections  of  the  lowlands  killing  frost  occurred  as  late  as  June  8. 

Summer  of  1948  again  was  warmer  than  average.  Although  the  one- year  period  of  this 


46 


URES  cr.  )  —  SOSTOH. 

DAILY  TCK>>eil*TUHI 


MASS.  AND  CONCOHO,  N.M.;  l»00->»50 

AVCRACC  DAILY  MINIMUM 


tlCTIONg  14 


r.  i:  r:: 

j-— - 

m 

tT 

■1  ■■  * 

1 

^VLY 

■1 

j 

1 

1 

! 

1 

1 

4.... 

-L-i . 

J/H 

-  -  '  I-  -- 

1 

4 

ill% 

Ai'Z'r! 

* 

PiU 

Wff'm 

c 

iMii 

'sm 

•’v 

1  n 

|jUH 

1  ^ 

lANUAAY 

h 

f  1 

4—  -  L 

1 

. r' 

1 

! 

1 

— 

1 

D4 

i 

_ L 

I 

• 

1 

r 

i-. 

j-^ 

? 

1' 

f':', 

r  74 


Btudy  ended  on  July  JI,  1948,  itisof  interest  to  note  tlioi  the  1948  wunimcr  wan  nik  weekB  longer 
than  the  short  summer  of  1947  and  three  weeks  longer  than  the  long-time  average.  The  first 
kilting  frost  at  the  end  of  sumincr,  I948at  Harvard  Forest  Headquarters  occurred  on  October  15. 

To  suntmariisc:  The  period  of  the  study  covered  part  of  one  sunimer  that  was  warmer  but 
shorter  than  average  and  part  of  a  second  Bummer  also  warmer  luit  much  longer  than  average. 
In  between  occurred  an  autumn  which  first  was  warmer  and  drier  and  later  coaler  and  wetter 
than  average,  a  winter  colder  and  snowier  than  average  but  with  only  average  cr  Icss-than- 
average  precipitation,  and  an  early  but  otlicrwise  not  exceptional  spring.  Although  unusual 
weather  is  common  in  New  England,  tlic  period  of  this  study  probably  embraced  more  periods 
of  unusual  weather- ■  than  normally  occur  in  any  one  year,  liven  so,  the  deviations  were  only 
rarely  beyond  moderate  limits  of  expectancy,  and  the  conclusions  drawn  from  this  study  may 
be  considered  to  be  applicable  to  other  ycari^  with  less  extreme  ronditions, 

4.  ProporttotMite  Part  of  New  England  Temperature  Diversity  Observed  at  Harvard  Forest. 

a.  Basis  for  Comparison. 

The  chart*  accompanying  the  discussion  in  this  section  arc  based  upon  the  data  presented 
in  Appendix  A.  The  data  used  for  comparison  include  representative  eutions  in  a  network  ex- 
tending  from  the  Canadian  border  southward  to  Long  Island  Sound  and  from  the  Berkshires  east¬ 
ward  to  the  Atlantic  shore  (Figure  I).  These  atstions  are  compared  with  two  Harvard  Forest 
stations  sc  which  thermographs  were  operated  continuously  throughout  the  period  of  study  and 
with  three  stations  operated  from  December,  1947  to  the  end  of  the  study,  It  should  be  noted 
that  the  network  docs  not  include  any  stations  on  high  mountains  or  in  Maine. 

b.  Comparisons  of  Mean  Monthly  Temperaturea  (PigureB  75  and  76).* 

In  mean  monthly  temperatures  the  local  differences  at  Harvard  Forest  (according  to  month) 
cover  one-fourth  to  one. half  the  differences  noted  among  the  II  other  New  England  stations, 
mostly  in  the  central  part  of  the  diversity.  The  succeeding  diagrams  will  show  that  the  monthly 
mean  temperature  diversity,  although  it  is  aigni  icant,  only  partially  suggests  the  actual  diver¬ 
sity,  and,  in  part,  by  averaging  out  significant  extremes,  actually  hides  some  of  the  most  sur¬ 
prising  diffc'-enccs. 

c.  Comparisons  of  Mean  Daily  Maximum  Tcinpci  atm  ctt  (.Appendix  A-1  and  Figure  77), 

In  mean  daily  maximum  temperatures  the  diversity  among  tlie  Har  vard  Forest  stations 
covers  onc-third  of  the  diversity  for  New  England  in  winter,  mostly  in  the  center,  and  covers 
almost  the  entire  lower  three-fifths  of  the  diversity  in  summer.  It  is  interesting  to  note  how 
the  deviations  change  for  specific  stations.  Harvard  Forest  Headquarters  has  lower  mean 
maximums  than  E^oston  (a  littoral  station)  in  .autumn  and  winter  (Oct.  H,  F.  69,8,  B.  71.5;  Jan. 
H  F  26.1,  B.  30.31  but  has  slightly  higher  maximums  in  spring  (Apr.  H.  F,  57.3,  B.  56.5),  and 
virtually  equal  maximuma  in  summer  (July  H.F.  83.0,  B.  83,9;  Aug.  H.  F.  81.3,  13.  81.8).  Harvard 
Forest  Headquarters  has  lower  .maximums  than  Mount  Carmel  (near  Long  island  Sound)  both  in 
winter  .and  in  summer  (Jan.  H.  F.  26.1.  M.  C.  29.0;  July  H.  F.  83.0,  M.  C.  86.3),  but  its  max- 
imums  in  April  and  October  arc  practically  equal  to  those  of  Mount  Carmel  (Apr.  H.  F.  57.3, 
M.  C.  57.5;  Oct.  H.  F.  69.8,  M,  C.  69..>). 

The  Connecticut  Valley  stations  —  Springfield  and  Hartford  —  have  consistently  higher 
mean  maximums  than  Harvard  Forest  Headquarters.  Springfield,  although  farther  north  than 
Hartford  is  a  city  station,  and  is  warmer  than  Hartford,  which  now  has  its  station  at  the  airport 
on  a  wide,  low  terrace  bordering  the  river.  Throughout  the  year  the  mean  maximums  at  Harvard 
Forest  Headquarters  are  4  to  6F  degrees  lower  than  those  at  Springfield.  Those  at  Prospect 
Hill  are  about  7F  degrees  lower  (for  the  period  of  record  at  Prospect  Hill)  than  those  at  Spring- 
field. 

•  in  Figure  75,  actual  mean  monthly  temperaturcH  arc  shown  in  “F  for  coch  station  each  month.  Each 
monthly  scale  ia  so  placed  diat  thcmeaaafoi  Harvard  Forest  hleadquarter »  .arm  a  horizontal  hose.  Figure 
76,  by  centrast,  shows  deviations  in  F  dcgrcca  from  the  mean  of  II  non-Harvard  Forest  Htations.  In  both 
figures  the  diversity  among  the  Harvard  f^oresi  staiions  iw  itliown  hy  .i  shaded  band. 
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Figure  77 


No  «t*tion  in  Harvard  Forest  has  maximums  as  low  a»  those  at  First  Connecticut  Lake, 
New  Hampahire,  near  the  Canadian  line.  In  summer,  however,  the  heavily  wooded  White  Pine 
Bottoms  station  has  mean  maximums  almost  as  low  as  at  First  Connecticut  Lake  (July  H.  F. 
83.0,  W.P.B.  76,  F.  C.  L.  74.9),  Summer  maximums  at  Harvard  Forest  stations  in  the  open  arc 
higher.  In  winter  the  Harvard  Forest  station.^  have  maximums  considerably  higher  than  those 
at  First  Connecticut  Lake  (Jan,  H.  F.  26.1,  F.  C.  L.  17,8), 


d.  Comparisons  of  Absolute  Maximum  Temperatures  (Appendix  A-2,  I'lgure  78). 

In  absolute  maximum  temperatures  the  diver.sity  atHarvard  Forc.st  (shown  hy  a  shaded  hand 
on  Figure  /  8)  rovers  one-third  to  two-thirds  of  the  diversity  for  New  lingiand,  mostly  in  the 
center  part.  An  exceptional  month  is  June,  when  the  diversity  for  Harvard  Forc.st  actually 
exceeds  that  of  the  group  of  other  New  Hngland  stations,  rl.ough  at  . slightly  lower  temperatures. 
Although  the  absolute  maximum  temperatures  have  less  significance  for  purposes  of  compar¬ 
ison  than  the  daily  mean  maximums,  they  arc  not  without  value,  as  was  .shown  in  Figure  72. 


Comparisons  of  Mean  Daily  Minimum  Temperatures  (Appendix  A.-4,  Figures  79,  80,  and 

81'). 

In  mean  daily  minimum  temperatures  the  diversity  for  the  Harvard  r-orc.sc  stations  (indi. 
cated  by  a  shaded  band  on  Figures  79  and  80)  covers  one -half  or  more  of  the  diversity  of  the 
group  of  other  New  England  stations  in  summer  and  autumn,  slightly  les.s  in  early  winter,  but 


In  F'gure  79,  ictual  mean  daily  minimum  temperatui  ch  in  arc  .sliowii  for  each  .station  for  each 
month.  Each  monthly  scale  in  so  placed  as  to  show  the  Harvard  Forc.st  Headquartem  mean  daily  minimum 
on  a  hor^ontal  line.  Figure  80,  by  contrast,  shows  dcviaiion.s  in  !•’  degrees  from  the  mean  of  the  II  non- 
Harvard  rorcHC  stations,  and  Figure  SI  shows  the  sainc  deviations  for  each  station  scparattily. 
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Hertford,  Conn. 

Hofvord  Hill,  H.F. 

St.  Johnsbury,  Vt. 

Katno,  N. H . 

First  Connecticut  *.olrs,N.H. 


M  Mount  Cormsl,  Conn. 
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PH*  ProspscI  Hill,  H.F, 

S  Springfitid,  Moss. 

TS*  Tom  Swomp,  H.  F. 

W  Worcsit  }r,  Moss. 

WPB*  Whit#  Pins  Bottomi.H.F. 
*(Hor¥«rd  Forif?  Fitid  Sloiiun«  ) 


a 

Total  obssrvsd  divtrsity 
of  Horvord  For#st  Stotioni 


iMgurc  7  8 


only  one-third  in  late  winter  and  apring.  The  totaJ  diverniry  fof  New’England  in  grcateHt  in 
winter  and  leaat  in  apring. 

It  in  interesting  to  note  (Figure*  80  and  81)  thnf  hill  Matioim  in  Harvard  Foreai  have  an 
annual  deviatioti  curve  aimilar  to  fionton,  Spi  ingficld.  and  Hartford,  whcreaw  valley  HtaiionM, 

such  aa  Tom  Swamp  and  White  Pine  bottom  a.  approximate  the  curve  oi  Concord,  an  interior 
Htation  on  a  aand  plain  in  the  valley  of  the  Merrimack,  Tom  Swamp  haa  lower  aummer  minimuma 
than  St.  Johnabury.  which  ia  well  to  the  north,  and  Tom  Swamp  haa  only  slightly  higher  late 
winter  minimnma.  Although  minimuma  are  higher  at  Tom  Swamp  than  at  Pirai  Connecticut 
Lake,  which  ia  much  farther  north,  the  two  ataiiona  compare  quite  cloaely,  except  in  winter, 
when  mean  mini.numa  at  First  Connecticut  Lake  drop  far  below  thoce  of  any  other  station  cited 
for  comparison. 


DtvixTioa  ot  MiXM  oxiLT  MiNiMuu  TtMPtaxTuat  or  aiLtcTto  staiions  raoa  ucan  or 
HCAS  OAILV  MtaiMUU  TEMPiaATOat  OF  RLtwea  aON-HASVASD  roatST  STATIONS  (N  NEW  cnglano 


DEVIATION  OF  MONTHLY  ABSOLUTE  MINIMUM  TEMPERATURE  OF  SELECTED  STATIONS 
FROM  MONTHLY  ABSOLUTE  MINIMUM  TEMPERATURE  AT  KEENE,  NEW  HAMPSHIRE 


A 

Amhant ,  Mo**. 

M 

Mount  Cormsl,  Conn. 

B 

Boston ,  Moss. 

P 

Pittsfitid,  Mass. 

C 

concord  ,  Most. 

PH* 

Prospset  Hill,  H.  F. 

H 

Hortford,  Conn. 

S 

Springfitid,  Moss. 

HH* 

Horvord  Hill.H.F. 

TS* 

Tom  Swemp,  H.  F. 

J 

St.  JohnsOury,  Vt. 

tv 

Worcsstsr ,  Moss. 

K 

Koono,  N. H . 

WPB* 

Whitt  Pin#  Bottoms,  H.F. 

L 

First  Connoctieut  Laks.N.  H. 

*(Mor«atd  fertt*  ruis  9lolt*ns) 

' .TT? -I  Tot 0 1  ob(«rv«d  div#r»ify 
I  Qt  Horword  For«»t  Station* 


Figure  82 


54 


f.  CoinpariitonM  of  Abwolutit  Minimuto  'rcmperaturcw  (Appcndi*  A -5  and  Figure  82). 

In  abiioluce  ininimtim  tempera  turn*,  tlic  diversity  for  Harvard  l‘orei»i  stations  is  jne-half  to 
three-fourths  the  New  Hngland  diversity,  mostly  in  the  lower  part.  In  many  months  some  Har¬ 
vard  Forest  stations  have  absolute  minimums  lower  than  those  at  any  other  station.  Figure  82 
shows  that  in  absolute  minimums  the  hill  statiomi  compare  with  I3obton  and  are  mountain  , 
similar  to  "marine*,  in  chara-tcr,  whereas  the  valley-bottom  stations  compare  with  First  Con¬ 
necticut  Lake  in  severity  and  are  “continental"  in  character  (Conrad,  1936  (a),  pp.  B160-16)). 

g.  Summary. 

From  these  comparisons  it  becomes  evident  that  even  a  small  area  such  as  Harvard  Forest 
has  a  great  variety  of  temperatures,  and  that  it  displays  a  considerable  portion  of  the  total 
diversity  characteristic  of  a  much  larger  region.  This  indicates  that  local  factors  can  cause 
significant  local  differences,  which,  though  not  as  greataa  the  total  regional  differences  caused 
by  large-scale  influencea,  such  as  great  differences  in  latitude  or  of  location  with  respect  to  the 
ocean,  are  nevertheless  equal  to  or  greater  than  differences  noted  between  stations  several 
hundred  miles  apart. 

In  almost  all  months  som»;  Harvard  Forert  valley  stations  had  lower  minimums  than  any 
other  of  the  compared  stations.  These  very  low  temperatures  occurred  in  types  of  locations 
characteristic  of  a  sizeable  part  of  New  England.  At  the  same  time,  several  Harvard  Forest 
sutions  on  open  hills  or  in  forested  valleys  had  lower  mean  daily  maximuma  than  any  reason¬ 
ably  near  compared  sution.  These  observations  emphasize  the  importance  of  present  Weather 
Bureau  effort*  to  place  additional  atations  where  extreme  conditions  not  thus  far  recorded,  but 
common  to  large  areas,  are  the  rule.  Because  many  of  the  primary  network  sutions  of  New 
England  are  in  river-valley  cities,  it  ia  probable  that  many  climatic  estimates  for  the  vast  in¬ 
termediate -height  upland  areas  between  the  valleys  err  in  the  direction  of  indicating  higher  mean 
maximum  temperatures,  lower  mean  minimum  remperaturea,  greater  frost  danger,  and  shorter 
growing  seasons  than  arc  actually  the  case.  Atthe  same  time,  because  many  of  the  sutions  arc 
),i  cities,  Buch  estimates  arc  likely  tofall  short  of  indicating  the  full  severity  of  minimum-tem¬ 
perature  extremes  in  the  valleys  —  not  merely  in  some  unusual  single  valley  but  in  thousands  ot 
valleys  or  other  depressions  throughout  the  region. 

5.  Factors  Causing  Temperature  Diversity  within  Harvard  Forest. 

In  the  preceding  section  it  was  shown  that  the  temperature  diversity  for  stations  within 
Ha  rvard  Forestcompriees  from  one-third  to  two-thirds  the  diversity  for  New  England  as  a  whole. 
Local  factors  which  account  for  these  great  differences  within  Harvard  Forest  are  discussed 
below. 

a.  Topographic  Form. 

In  general,  convex  surfaces,  such  as  hills  and  ridges,  have  much  smaller  temperature 
ranges  than  do  the  concave  surfaces,  such  as  stream  valleys  or  swales  (Figures  83  and  84). 
Broad  Hat  terraces  arc  similar  in  temperature  characteristics  to  concave  surfaces.  Adjacent 
convex  and  concave  areas,  though  differing  but  slightly  in  elevation,  will  have  great  differences 
in  temperature  patterns,  especially  in  minimum  temperatures,  even  at  high  elevations  within  the 
region  (compare  Prospect  Hill,  1383  feet,  and  HighSwamp,  1280  feet.  Appendix  B).  Many  of  the 
upland  basins  of  Harvard  f^’orc.st,  however,  have  exits  at  one  or  more  points,  from  which  streams 
drain  to  still  lower  points.  Where  these  exits  are  not  blocked  by  heavy  vegetation,  or  other  dams, 
some  of  the  cold  air  that  has  accumulated  in  the  upper  basin  can  drain  out  and  move  down  to  still 
lower  points.  In  general,  the  lowest  basins,  with  the  largest  collecting  areas  from  which  die  cold 
air  gathers,  exhibit  the  lowest  minimum  temperatures,  provided  the  ground  in  such  places  is 
sufficicntlycxposedtothc  sky.  and  provided  further  that  the  outgoing  radiation  is  not  considerably 
offset  by  downward  radiation  from  the  trees.  Thus,  at  all  comparable  elevations  an  appreciable 
temperature  contrast  is  evident  between  convex  and  concave  areas,  but  the  amount  of  contrast 
incrcancs  as  tlic  elevation  dec  reascs  within  the  Forest  as  a  whole.  Town  Line  Swamp  (1150  feet) 
has  much  lower  minimums  than  Prosp>cct  Hill  (1383  feet)  but,  even  so,  is  waimcr  than  Tom 
Swamp  at  750  feet,  which,  in  addition  to  having  a  larger  collecting  area,  is  more  open  than  die 
largely  wooded  Town  I.inc  Swamp.  lown  Line Swimp  has  an  intermediate  place  on  the  minimuni 
-temperature -rank  scale.  The  contrast  between  Tom  Swamp  or  Burns  Bridge  and  Hai  vard  Hill 
(9l0  feet),  however,  i.s  relatively  twice  as  grem.  Ilarvai'd  blill  and  Prospect  Hill,  although  th.cy 
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TEMPERATURE  RECORDS  AT  FIELD  STATIONS 
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Figure  83 

SEPTEMDER  IS  TO  24,  1947 
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Figure  8-1 
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diHcr  453  Seel  in  elevation  ai’e  Hui’pt'iNiryly  Hunilar  in  miniinoMi-ieniperaiuic  pattci  n.  On  iull- 
topH  llic  Hurficc  area  and  tlic  vegetative  cover  have  Ichs  influence  on  tenipci  nture  tlian  they  do 
in  hahinN.  The  basintt.  an  has  liccn  ahown,  differ  coniiidei  abl y. 

“CoiKTdVo  nioiHTH  »rr  ^.rvfjwixw  liaicIniM  ovci'ik.  fcji'iirun.  hv  day.  «ivl  cold  lioleii  by  iiigl.i" .  I'camc,  lV3b,  p,  27. 

riieae  reiijarka  *F*P^y  chiefly  to  periods  ol  clear  weather  with  little  or  no  wind,  at  which 
tiniea  inveraionH  develop.  Invcraiona  arc  frequent  and  significant  at  all  acaHons,  though  part- 
icularly  ao  during  cool  and  cold  montha  when  trees  are  without  Icaveti  and  the  ground  ha^  a 
nnow-cover  (Figure  74).  During  p^iodn  of  cloudy  skies  or  moderaie>to-Htrong  winds,  inver¬ 
sions  are  Hmail  or  absent,  and  temperaturca  differ  little  from  place  to  place.  Figure  85  shows 
such  a  period  continuing  for  a  week,  through  January  7,  1948,  followed  by  a  period  of  great 
contraata. 

Open  terraces,  even  though  at  high  elevations  and  of  limited  extent,  may  cool  rapidly  by 
radiation  and  may  tend  to  alow  or  stop  some  of  the  cold  air  draining  from  higher  to  lower  points 
(Geiger,  1950,  p.  205-206).  Linden  Terrace,  for  example,  at  850  feet  is  frequently  as  cold  as 
River  Mecdow  at  737  feet,  although  intermediate  points  on  the  slope  are  warmer.  The  Locust 
Opening  terrace  exhibits  this  characteristic  to  a  slight  degree  in  the  summertime,  when  vegeta¬ 
tion  in  leaf  partially  blocks  air  drainage  to  lower  swamps  on  the  north  and  cast. 

The  effect  of  topographic  form  on  maximum  temperatures  is  partly  the  reverse  of  its  effect 
on  minimum  temperatures;  tops  of  convex  forma  arc  cooler;  basins  arc  warmer.  Differences 
are  less  striking  than  for  minimum  tenificratures. 

b.  Elevation. 

7‘he  effect  of  elevation  upon  temperature  differs,  and  it  is  even  reversed,  according  to  the 
nature  of  the  weather  and  depending  upon  whether  it  is  day  or  night.  As  has  been  seen,  on  clear 
still  nights,  inversions  develop,  and  temperatures  are  lower  in  the  valleys  than  on  the  hills. 
In  general,  on  clear  nights,  the  lowest  elevations  at  Harvard  Forest  have  the  lowest  minimum 
temperatures.  During  periods  of  cloudy  weather,  by  contrast,  minimum  temperatures  in  Har¬ 
vard  Forest  are  a  few  degrees  lower  on  the  highest  points  than  in  the  deepest  open  valleys 
(Figure  85,  compare  Prospect  Hill  and  open  Tom  Swamp, January  1-9).  Maximum  temperatures 
are  almost  always  lower  on  the  ridgecops  than  in  the  valleys.  This  is  true  not  only  on  days  wiicn 
sir  movement  is  unrestricted,  but  on  cloudy,  windless  days  when  ventilation  is  almost  nil,  and 
the  lower  temperatures  on  the  ridges  arc  a  direct  expression  of  a  lapse  rate.  This  is  illustrated 
by  the  Prospect  Hill  -  Tom  Swamp  comparison  shown  in  Figure  86.  Tom  Swamp,  though  much 
colder  than  Prospect  Hill  at  night,  is  warmer  than  the  hill  during  the  day.  Figure  87  similarly 
illustrates  this  point,  but  brings  out  the  much  greater  influence  of  topographic  form  for  night 
temperatures.  The  thermograph  traces  for  the  two  hill  stations,  although  similar  to  each  other, 
are  very  different  from  those  of  the  valley  stations.  Figure  88  likewise  shows  the  lower  maxi¬ 
mum  temperatures  at  high  points.  It  shows  also  the  unusually  extreme  conditions  and  rapid 
changes  that  took  place  during  the  period  March  4  to  6,  On  March  6  the  minimum  at  Tom  Swamp 
was  -Sl^F,  compared  to  -5®F  at  Harvard  Hill  and  -  I °F  at  Prospect  Hill.  Within  eight  hours 
the  temperature  rose  72F  degrees  at  Tom  Swamp  and  reached  a  maximum  of  4l°F,  and  rose 
46P  degrees  to  a  temperature  of  41‘’F  at  hlarvard  Hill,  in  the  same  eight-hour  period  it  rose 
37P  degrees  to  reach  36'’F  on  Prospect  Hill. 

c.  Exposure  to  Direct  Sunshine. 

The  amount  of  direct  insolation  received  on  the  ground  surface  depends  in  part  upon  the 
angle  of  slofie.  A  difference  in  angle  of  inclination  of  I®  toward  the  north  or  south  is  equivalent 
to  ii  diflci'ence  in  latitude  of  1*^  (l.utz  and  Chandler,  1942,  pp.  208-209). 

Several  ot  the  stations  at  Harvard  Forest  provided  temperature  data  which  documented  once 
again  the  generally  recognized  importance  of  exposure  in  causing  cernperature  differences. 
These  temperature  readings,  taken  at  standard  height,  do  not  show  tlic  great  contrast  actually 
existing  on  the  ground  surface  at  each  station,  but  are  sufficiently  different  to  suggest  tlie  much 
greater  amount  of  heat  energy  available  to  plants  growing  on  sunny  slopes  chan  is  available  to 
plants  growing  on  shady  slopc.s.  The  station  at  South  Boundary,  which  io  ona  north-facing  slope, 
has  fewer  hours  of  sunlight  than  Coach  Road  on  the  opposite  side  of  rhe  valley.  Its  day  temper¬ 
atures  arc  slightly  lower  than  those  at  Coach  Road  (Figure  89)  although  its  night  temperatures 
arc  higher  than  those  at  Coach  Road.  The  Northwest  Midslopc  of  Little  Prospect  Hill  receives 
the  afternoon  sun’s  rays  at  a  high  angle  of  inciihtnce  during  the  summer  months  when  the  sun 
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Hcta  in  the  northwcitt.  *Mgurc  90  Nhow*  Northweat  Midnlcpc  to  h«vr  afternoon  tempLiaturcK 
considerably  higher  than  Prospect  Hill,  llie  eiplanation  lies  partly  in  differences  in  esposurc 
and  partly  in  vegetation,  wind,  and otiier  relationships.  Other  factors  being  comparable,  suiions 
on  south  and  west  slopes  have  high  maximum  temperatures,  on  most  days,  compared  to  other 
stations.  This  is  true  even  though  they  are  shaded  longer  in  the  morning  and  ao  remain  appreci¬ 
ably  cooler,  for  several  hours,  than  stations  out  in  the  open  lowlands  and  on  east-facing  slopes. 
The  general  air  temperature  is  higher  in  the  afternoon  and  the  ground  is  drier,  and  so  less  heat 
is  used  for  evaporation  of  aoil  moisture;  special  local  influences  then  combine  with  direct  in¬ 
solation  and  diffuse  sky  radiation  to  produce  the  highest  temperature  on  these  slopes  (Geiger, 
19$o,  p.  22$).  Harly  morning  warmirtg  of  east-facing  slopes  is  shown  in  Figure  89  which  shows 
Wildcat  Hill  has  become  5  to  10  or  more  degrees  warmer  than  Shelf  Swamp  by  noon  almost 
every  day. 

d.  Exposure  to  Wind. 

Msny  parts  of  Harvard  Forest  favorably  exposed  to  sunlight  are  also  exposed  to  the  south¬ 
west  wind,  which  blows  much  of  the  time  in  the  warmer  half  year  and  fairly  often  in  the  colder, 
This  wind  ie  particularly  frequent  in  drier  years,  when  more  of  the  low  pressure  areas  Follow 
a  northern  track.  These  winds  not  only  warm  the  slopes  exposed  to  them,  but  cause  excessive 
evaporation  as  well.  By  contrast,  the  cool,  moist,  northeast  winds  strike  fewer  parts  of  Harvard 
Forest  head  on,  and  in  many  places  strike  most  directly  against  the  slopes  which  already  are 
coolest  because  they  face  away  from  the  sun.  The  contrasting  effect  of  these  winds,  the  south¬ 
west  and  northeast,  is  to  intensify  the  contrast  in  temperature  and  moisture  between  southwest 
and  northeast  slopes.  The  cold,  often  dry,  winds  coming  in  from  the  northwest,  and  the  generally 
mild,  moist  winds  from  the  southeast,  likewise  have  differing  effects  upon  the  slopes  exposed 
to  them.  During  the  great  hurricane  of  September  1938,  however,  the  strongest  wind,  causing 
the  maior  damage,  was  from  the  southeast.  At  that  time  the  slopes  facir^  southeast,  the  open 
flat  areas,  and  wind. channelling  troughs  suffered  the  greatest  damage.  I^rthwest  slopes, and 
troughs  crosswise  to  the  wind,sufFered  the  least. 

e.  Effect  of  Vegetation. 

Differing  kinds  of  vegetation  and  differing  heights  of  the  same  kind  of  vegetation  have  very 
different  effects  upon  air  temperature  at  standard  ahclter  height.  In  general,  the  vegetation, 
which  interpoaea  a  baffle  between  the  sun  and  the  ground,  haa  a  blanket  effect,  moderating  con- 
ditiona  beneath  it,  but  experiencing  strong  thermal  activity  within  itaelf (Geiger,  1950,  pp.  327- 
329).  Obvioualy.  the  Instrumcnta  in  a  shelter  standing  above  a  low  shrubby  or  grassy  vegetation 
(High  Swamp  and  Tom  Swamp  -  Figure  90),  record  essentially  the  general  air  temperatures, 
though  such  temperatures  are  influenced,  to  be  sure,  by  the  vegetation  below.  Shelters  sur¬ 
rounded  by  vegetation  high  enough  to  cut  off  wind,  but  not  high  enough  to  form  a  canopy,  are 
in  the  surface  layer  of  limited  air  exchange  (or  local  heat  exchange),  and  experience  extremes 
of  heating  by  day  and  cooling  by  night.  Northwest  Midslope  (Figure  90)  is  s  prime  example  of 
this.  Where  the  treea  are  high  enough  and  close  enough  for  their  crowns  to  form  a  canopy  over 
the  shelter,  the  blanket  effect  results  in  a  more  moderate  temperature  pattern.  Thus,  within  the 
red-pine  plantation  on  Little  Prospect  Hill,  conditions  are  even  less  extreme  than  in  the  open 
on  Prospect  Hill  (Figure  90).  Similarly,  in  the  White  Pine  Bottoms,  days  are  cooler  and  nights 
leas  cool  than  at  Tom  Swamp  or  other  open  stations  (Figures  86,  88,  89.  and^9l). 

It  must  be  recognized  that  in  many  cases  the  temperatures  at  standard  height  are  not  the 
most  critical  for  plant  growth.  Temperatures  at  the  height  of  the  leafy  part  of  the  plant  arc  crit¬ 
ical  because  they  affect  the  transpiration  rate,  though  the  humidity  relative  to  saturation  at  the 
temperature  of  the  leaves  is  actually  and  directly  more  critical.  Soil  temperatures  in  the 
plant's  root  zone  are  probably  even  more  cignificant  to  plant  growth  (Zon.  1941,  p.  496). 
Within  a  forest,  the  readings  at  shelter  height  give  some  suggestion  as  to  what  general  soil 
temperatures  may  be  expected.  In  a  dense  pine  stand  the  soil  will  bo  cool  and  moist  except 
during  extreme  drouth.  In  an  open  hickory  stand,  where  sunlight  can  reach  the  ground,  the  soil 
will  be  warmer  and  drier  much  of  the  time. 

In  general,  hardwood  forest  has  just  as  great  a  moderating  effect  upon  air  temperatures 
during  it.s  suinmcr  leafy  sc.ison  a.s  ha.s  coniferous  foi  c.st.  In  fact,  in  many  mature  coniferous 
stand.H  where  an  understory  of  young  hardwood  trees  is  coming  into  succession,  the  .summer 
cenopy  is  notably  more  dense  (I-igiircs  66  and  68).  and  has  greater  effect  than  the  winter  can¬ 
opy.  liven  in  v/intcr,  however,  the  hardwood  stands,  though  leafless,  have  a  slight  modcratir^ 
effect  (compare  I'i.shcr  Stand  and  Trail  Fork,  Appendix  13). 
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Ihe  iorsMt'H  eliect  im  reUtively  greater  on  day  teinpcraturcN  than  on  night  tcniperaturcN 
A  heavy  forest  stand  which  during  inverHinns  will  keep  the  night  niinirriuinN  aa  much  aa  tliicr 
to  six  degrees  higher  than  these  in  the  open,  will  keep  day  maxirnunta  as  much  as  ten  or  twelve 
degrees  lower  than  in  the  open.  These  locally  observed  differences  are  even  greater  than  thoai 
r::portcd  by  Kitv'redge  (1948,  p.  66).  Such  differences  are  sufficient  actually  to  cause  a  contin¬ 
uous  though  moderate  temperature  inversion  to  exist  by  day  as  well  as  by  night  'he  year  rmind 
in  heavily  wooded  hollows.  The  Trailside  Swale  and  White  Pine  bottoms  stations  are  In  such 
areas.  From  this  it  will  be  evident  that  some  kinds  of  forest,  though  in  a  sense  having  a  moder¬ 
ating  influence,  tend  to  accentuate  and  perpetuate  conditions  favorable  to  certain  of  tlie  spccic(> 
composing  them.  This  is  true  particularly  of  coniferous  stands  in  shaded,  concave  areas. 

In  moderately  densely  wooded  areas  at  low  elevations  in  Harvard  Forest,  titc  tree  canopy 
reduces  nocturnal  cooling  at  standard  shelter  height  markedly;  as  a  consequence,  the  frost-free 
season  is  abouPhalf  again  as  long  in  such  wooded  areas  as  in  open  places  of  similar  topographic 
form  at  the  same  elevations.  At  intermediate  and  high  elevations  the  effect  of  a  tree  canopy  is 
similar  but  not  so  marked,  except  in  concave  areas.  (Frost  is  discussed  in  greater  deuil  in 
paragraph  6  below.) 

f.  Land  -  Water  Relationships. 

Water  temperatures  recorded  in  the  course  of  this  study  arc  shown  in  Table  II.  Selected 
data  for  May,  June,  and  July  from  this  table  are  plotted  by  three  different  methods  in  Figure  93. 
For  simplicity  and  ease  of  comparison,  the  data  from  only  three  of  the  stations  arc  plotted  on 
these  diagrams. 

Figure  92A  shows  the  actual  water  temperatures  recorded  in  successive  weeks,  regardless 
of  the  hour  of  reading.  This  diagram  shows  the  gcnci  al  upward  march  of  water  temperatures 
in  spring.  It  also  shows  the  greater  constancy  of  increase  for  Tom  Swamp,  where  the  water 
is  largely  blanketed  by  low  shrub  growth.  The  difference  in  actual  temperatures  between  Tom 
Swamp  .'nd  the  two  open  pond  stations  also  is  greater  in  July  than  in  preceding  months. 

Comparison  with  the  mean  daily  maximum  and  min. mum  air-temperature  curves  superim¬ 
posed  on  this  diagram  reveals  that  by  July  the  mid-morning  water  temperatures  of  the  open 
ponds,  having  risen  rapidly  in  late  spring,  were  almost  as  high  as  the  mean  daily  maximum  air 
temperature  for  July.  At  Tom  Swamp,  however,  mid-morning  water  temperatures  did  not  show 
this  great  seasonal  increase.  Late  spring  water  temperatures  in  Tom  Swamp  averaged  at  least 
15  F  degrees  cooler  than  the  open  pond  tcmperarurcs.  From  an  average  of  only  7  F  degrees 
warmer  than  the  mean  daily  minimum  air  temperature  in  May,  the  Tom  Swamp  water  temper¬ 
atures  rose  to  8  F  degrees  warmer  than  the  mean  daily  air  minimum  in  June,  and  to  only  ii  P 
degrees  warmer  chan  the  mea.i  daily  air  minimum  in  July. 

Figure  92B  shows  the  differences  between  sir  snd  water  temperatures  plotted  for  succes¬ 
sive  weeks,  regardless  of  the  hour  of  reading.  It  gives  no  conclusive  evidence  as  to  seasonal 
rates  of  increase  of  water  temperatures,  buedoes  show  the  marked  contrast  between  Tom  Swamp 
and  the  two  open  pond  stations.  In  all  weeks  but  one,  Tom  Swamp  water  tcmpcraiures  differ 
more  markedly  from  the  air  temperatures  than  do  the  water  temperatures  at  either  Riccvillc 
Pond  or  Harvard  Pond. 

Figure  92C  shows  the  differences  between  air  temperatures  and  water  temperatures  plotted 
according  to  hour  of  reading,  regardless  of  date.  As  this  diagram  gives  only  one  reading  for 
each  station  for  any  one  day,  it  doe.s  not  provide  the  necessary  values  to  permit  conclusions  to 
be  drawn  as  to  diurnal  trends  in  air  -  water  temperature  differences.  Obviously,  to  get  mean¬ 
ingful  data  regarding  diurnal  trends  it  is  necessary  to  make  a  series  of  observations  at  intervals 
on  the  same  day.  Such  studies,  made  elsewhere,  liave  demonstrated  that  the  daytime  increase 
and  nighttime  decrease  of  water  temperature  characteristically  lag  behind  those  of  air  temper¬ 
ature  (Conrad,  1935,  p.  52  and  1936(b),  p,  6;  also  Schmidt,  1930,  p.  451). 

The  preceding  discussion,  though  in  part  inconclusive  because  ba.sed  on  partial  data,  mcli- 
cates  that  the  effect  of  vegetation  on  the  watc?'  temperatures  in  swamps  and  marshes  i.s  unique. 
At  Tom  Swamp,  for  example,  where  the  water  has  an  overgrowth  of  shrubs,  the  water  icmpci-a- 
tures  average  as  much  as  I5F  degrees  cooler,  by  day,  than  those  for  Harvard  Pond  or  Ricc- 
ville  Pond  (Table  II  and  Figure  92).  Even  so,  the  water  apparently  gtvc.s  off  sufficient  heat  at 
night  to  dimiru.sh  greatly  the  intensity  of  the  temperature  invci'sion  in  the  lowe.sl  five  feet  of 
the  atmosphere  next  to  the  water  surface,  lliis  effect  is  noticeable  only  during  those  months 
when  the  water  tabic  covers  the  sphagnum  moss  layers  under  the  shrub  growth.  Thus,  the  rcad- 
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1948 

KICEVILI.E  IX)ND 

ICM 

harvard  aiRcx^Ks: 

1  POND 

SWIPT 

RIVER 

W. SHORE 

1  OUTLET 

SWAMP 

E.  SHORE 

MILL  PT 

CUTLET 

Apr.  12  Water  Temp 

40 

. 

48 

- 

Apr.  I'i  4  5 

Atr  Temp 

- 

55 

- 

60 

- 

50 

Time 

- 

- 

0900 

- 

1400 

- 

1400 

Apr.  19  Wafer  Temp 

• 

4  1 

SO 

- 

- 

A-^r.  20  4  8 

Air  I'cmp 

- 

- 

44 

55 

- 

- 

5  1 

rime 

- 

- 

0940; 

1445 

- 

" 

0915 

Apr.  26  Water  rcmp 

58 

47  ■ 

55 

60 

63 

- 

Air  Temp 

5  1 

- 

70 

53 

57 

70 

- 

’1)1111* 

1050 

- 

1710 

1  140 

1125 

1700 

- 

May  3  Wafer  Temp 

54 

53 

43 

5b 

55 

55 

May  3  57 

Air  Temp 

52 

52 

53 

56 

59 

58 

66 

I'lme 

0900 

0840 

0800 

1015 

0950 

1000 

1300 

May  10  Water  1‘emp 

55 

53 

46 

55 

- 

53 

Ma  y  1 1  5  8 

Air  Ternp 

62 

62 

63 

64 

- 

68 

69 

Time 

0815 

08  30 

0850 

1015 

- 

1030 

1220 

May  17  Water  'I'emp 

52 

51 

48 

51 

54 

- 

May  18  53 

Air  Temp 

60 

60 

59 

58 

62 

- 

60 

Time 

1400 

1340 

1315 

1300 

1540 

- 

1430 

May  24  Water  remp 

56 

53 

50 

54 

- 

55 

May  25  54 

Air  remp 

65 

65 

69 

62 

- 

66 

56 

Time 

1035 

1020 

0945 

0935 

- 

1055 

1405 

May  31  Nc  RcadifigH 

r 

= 

= 

= 

= 

- 

.June  7  Water  Temp 

61 

62 

53 

56 

63 

63 

June  8  54 

Air  Temp 

55 

54 

54 

54 

55 

55 

58 

I'inn; 

1020 

1030 

1  100 

1  1 10 

1130 

1 140 

1  145 

.June  14  Water  Temp 

64 

58 

55 

63 

69 

61 

- 

Air  'I'cmp 

66 

66 

70 

68 

71 

7) 

- 

Time 

0930 

094  0 

1000 

1200 

1215 

1220 

- 

June  21  Water  Temp 

69 

65 

56 

62 

70 

- 

- 

Air  Temp 

67 

67 

70 

72 

72 

- 

- 

I'i  me 

0845 

0900 

0920 

1  105 

1120 

- 

Juiic  29  Water  i'cmp 

76 

74 

60 

74 

79 

74 

June  29  67 

Air  Temp 

83 

83 

76 

80 

80 

80 

82 

T 1  me 

0930 

0940 

0830 

1025 

lOlO 

1015 

1305 

July  6  No  KcaJiiigH 

= 

= 

= 

= 

= 

= 

July  12  Water  Temp 

78 

63 

78 

83 

80 

- 

Air  Temp 

- 

84 

83 

84 

84 

84 

- 

Time 

- 

1015 

0910 

1  105 

1050 

1030 

* 

July  21  Water  remp 

76 

61 

74 

78 

- 

Air  Temp 

(Water 

83 

80 

79 

- 

78 

- 

rime 

very  low) 

1040 

1115 

1  130 

- 

1200 

- 

HARVARD  FOREST  -PETERSHAM.  MASS 


WATER  TEMPERATURES 

COMPARED  TO  MEAN  DAILY  MAXIMUM  AND  MINIMUM  TEMPERATURES 


A 


DIFFERENCES  BETWEEN  WATER  AND  AIR  TEMPERATURES 


PLOTTED  ACCORDING  TO  DATE  OF  READING  PLOTTED  ACCORDING  TO  HOUR  OF  READING 
REGARDLESS  OF  HOUR  REGARDLESS  OF  DATE 


romRftMS  aCGRMG  M0W1S  OH  EAM.T  ArTflMuOM 

mouns  at  mmmm  fmo  m  smogh  maucs  tacAtt 

WTER  CDOi^  THAM  AM.  COMRUTf  SATA  HWW  W  TAMf  I 


•  MARVARO  ROND  OUTLET 
M  MCfVilXt  mtm  OUTLET 

O  tom  ship 


B 


c 


Piffure  92 
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it?gN  on  ihc  Torn  Swamp  (Tuah  diermoincter  wer  e  about  the  Name  as  thoNC  in  the  Jbm  Swamp 
Nhcltcr  frorti  ApriJ  to  Juiy,  1948  (figure  74),  when  the  water  table  wan  high.  TTiiu  was  in  con> 
traot  to conditiooN  during  late  aumrner  and  autumr,  1947,  when  the  water  table  was  below  the  Nur- 
face  of  the  Nphagnurn  rnoHN  layer.  At  that  time,  and  during  the  winter  monthN  which  followed 
(when  tlic  pond  Kurfacc  was  frozen  and  snow-covered),  m.nimum  temperatures  were  markedly 
lower  at  buHli  level  than  at  shelter  height. 

I'rotn  thiH  it  appearn  that  the  prcNer»cc  of  water  incr  caNCH  the  normal  moderating  effect  of 
the  vegetation  upon  air  temperacures,  at  least  where  the  vegetation  is  such  that  the  water  sur¬ 
face  is  largely  shielded  from  direct  sunlight  and  radiation.  Shrub  vegetation,  like  that  near  the 
shelter  at  Tom  Swamp,  being  skeletal,  has  little  actual  mass  to  absorb  heat,  and  has  much  sur. 
face  through  which  to  lose  tlie  little  heat  it  does  absorb.  Yet  in_tom  it  forms  a  thick,  if  leaky, 
screen  between  the  water  and  the  open  sky. 

Tlie  water  f5odir^  within  fiarvard  Forest  are  ttot  large  enough  or  deep  enough  to  affect  air 
teiTij->e ratin  es  over  latxi  at  places  very  far  from  their  shores,  but  the  local  effect  at  their  mar¬ 
gins  IK  considerable  during  some  seasons,  particularly  during  the  open-water  season.  Thus, 
during  the  summer,  when  the  pond  waters  give  off  heat  and  warm  the  night  air,  such  waterside 
siaiioMH  as  Mill  Point  and  Riccville  Pond  have  higher  minimums  than  Burns  Bridge  or  Ri/er 
Meadow  (Appendix  B).  By  day  in  summer,  when  llic  waters  have  a  slight  cooling  effect,  tlie  air 
has  lower  maximums.  In  the  winter,  by  contract,  when  the  ponds  are  frozen,  they  have  little 
effect  upon  temperatures  (altliough  some  heat  continues  to  pass  through  the  ice);  all  these  sta¬ 
tions  arc  then  closely  comparable  and  “continental"  in  their  behavior.  Similar  findings  are 
icportcd  for  Arctic  shore  areas  by  Conrad  (1936(a),  pp.  B2I3-214)  who  cites  Baur  (1929,  p,  77) 
and  Wagner  (1919,  p.  128)  to  the  effect  that  at  Green  Harbor,  Spitzbergen  diurnal  temperature 
ranges  are  five  times  greater  in  winter  than  in  summer. 

During  spring  and  autumn  the  land-water  relationships  at  Harvard  Forest  are  complex 
and  changeable,  according  to  whether  the  ponds  are  open  or  frozen,  but  the  general  effect  is  to 
I'ctard  the  onset  of  spring  and  autumn  slightly.  The  ponds  warm  up  slightly,  however,  each  day 
in  spring,  and  thereby  diminish  the  danger  of  late  spring  frosts  at  night  near  their  shores.  In 
autumn  they  arc  effective,  on  their  immediate  shores,  in  lengthening  the  warm  season  for  sev¬ 
eral  weeks.  The  very  local  effect  of  the  water  bodies  is  indicated  by  the  fact  that  lower  readings 
of  air  temperatures  were  obtained  at  Fay  Terrace  Edge,  only  50  feet  from  the  shore  of  Rice- 
villc  Pond  than  at  the  Riccville  Pond  station  (Appendix  B).  The  effect  of  Harvard  Pond  is  prob¬ 
ably  felt  a  little  more  widely,  as  it  is  larger  and  deeper,  and  docs  not  shrink  to  the  extent  that 
the  others  do. 

The  Ouabbin  Reservoir,  to  the  southwest  of  Harvard  Forest  only  a  few  miles,  probably 
has  a  noticeable  effect,  because  of  its  vastextent  and  great  depth,  on  the  climate  of  its  immedi¬ 
ate  vicinity.  No  observations,  other  than  a  few  early-morning  rapid  traverses,  were  made  which 
would  show  whether  this  influence  cxtencicd  as  far  as  Harvard  Forest;  however,  minimum  read¬ 
ings  taken  at  .Swift  River  Power  Line  Crossing,  which  is  lower  than  any  point  in  Harvard  Forest, 
but  nearer  to  the  Quabbin,  were  generally  several  degrees  higher  than  at  such  places  as  Burns 
Bridge  or  Tom  Swamp,  which  are  similar  topographically,  especially  Burns  Bridge.  This  sug¬ 
gests  either  that  a  breeze  front  the  lake  may  delay  the  onset  and  also  slow  the  rate  of  the  late 
afternoon  and  early  evening  temperature  fall,  or  that  the  upper  element  of  a  local  thermal  cir¬ 
culation  (land-breeze  type)  may  bring  warm  air  at  a  higher  level  over  tins  area  at  night,  there¬ 
by  reducing  the  net  outgoing  radiation.  In  either  case,  the  effect  of  the  reservoir  is  to  retard 
the  temperature  fall  in  adjacent  areas. 

g.  Effect  of  Snow-Cov<;r. 

The  general  effect  of  a  snow-cover  is  to  lower  air  tempcrntiires  (Geiger,  1950,  p.  164-165). 
During  tlic  winter  of  1947-1948  at  Harvard  Forest  the  snow-cover  was  deep  (Table  III  and  Fig¬ 
ures  93-99),  and  continuous  cover  Isstcd  for  more  than  10  weeks.  Air  temperatures  were  lower 
thati  average  and  tenif>craturc  contrasts  at  night  were  particularly  large  (Figure  74). 

The  deep  snow -cover  kept  the  ground  relatively  warm,  however,  and  by  the  time  of  genera! 
snow  melt,  which  was  exceptionally  rapid,  in  late  March,  the  frost  was  out  of  the  ground  in  most 
places.  As  a  consequence,  although  melt-water  runoff  was  great,  soak-in  was  also  great  and  no 
serious  flooding  occurred.  Also,  some  insolation  was  able  to  pcnctrAtc  the  enow  when  the  snow 
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HARVARD  forest-petersham.  MASSACHUSETTS 

SNOWFALL  AND  SNOW-DEPTH 

WINTER  OF  m7-194a 


KEY 


DATA  TAKEN  FROi^  HARVARD  FOREST  HEADQUARTERS  RECORDS  (APPENDIX  C.) 


3oow<fct 

presume 


<Kh«r  tjirwTli^^urenTcntsTnads  only  ofterKiovy  fohj  or  prolonged  molting. 
OH(T^So(w  depth m«>sured  In  Umber  stands  near  Headquarters. 
oH^P^now  depth  meosured  In  south-facing  open  fields  neor  Headquarters. 

C5notvfall,wlth  omount  06  meosured  at  Heodquorters  weather  station. 

TotoJ  Precl^tatlon,  wriethet  as  rain,  or  enow,  or  botn, 

DATA  O&TAINED  ON  FIELD  TEMPERATURE  TRAVERSES  (For  Complete  data  aeaTublein  ) 


otHeodqi 

her  limei. 


uarters  weather  etotion.Curvcddaihad  lino  thows 


Prospect  Hill  Troct 

*S  Spruce  plontollon(Z6yeor9old,pruned,CQr'iopled^Snow  StoUonS. 

®P  Prospect  Hill,  Summit(Open and  wind-swept)  Snow  Station  II. 
eH  Prospect  Hill, South  SI<^(Hawthorn  potch)  Snow  Stotion13. 

•  KSwomp  knoll, ioTown  Line  5wamp{Opcnbortfevood5)Snow  Stotionl6. 
eL Locust  op«ning(Op8n  field  west  of  road.)  Snow  Station  19 
•RRedpir*  plantfltlon(Z2yws  old, pruned,  dense  conopy)3now  Station 31. 

Tom  Swofng  lCggt 

ePLEt^  Lot  (open, young  growth,  no  conopy)  Snow  Station  49. 

»T  Tom  Swamp^Shrub  vegetatlor..,  tio  canopy  )  Snow  Station  54. 

»P  Fisher  Stand(40-year  old  hardwoods,  thinned  previous  summer)  Snow  Statlon67. 
Slab  City  Troct 

\  WhitePine  aetLoms(70-y«or  old  stood.  Hlnhconppy, 30jiopen)Snow5catlon9l. 
^Dotted  line  shows  presumed  depth  remorning  difrirtg  final  melungpcrtod. 


f’lgure  9"! 
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J'lgiirc  ‘)-l  -  Snow  Cover.  Spruce  pjanuiiion  at  nortlicaHt  bane  of  Harvard  Hill,  after  ftrat  snowfall.  Looking 
Houtlic.iHt.  .N'nvctnbcr,  1947. 


I•igut'e  95  (left)  -  Snow  Cover.  .Slicliei'  iii  IS  anseei  Sw.ilc,  with  six  weeks'  accuniulanon  of  snow.  Looking 
Houthwewt.  I'cbruary.  1941^. 

L’lgurc  90  (r'gluj-  Snow  Covri  .  Lresh  trail  on  road  lending  down  fioiii  Choate  l•’arIIl  and  Linden  I  crracc 
to  River  Meadow.  I-o<jku!K  south,  !  ate  December,  !94V’. 


I  Alii  i-  III 


SNt  W  Ol'l’ni  MI)A.SUHISMI'NIS 


(IViirnKK''  I'wliciii’  raiiMtatr  ti(  titm  <ovrt<cl  wttli  kmnt. 


Sno« 
Suiion 
Number 
(Pin.  97) 

\ 

Orch«r<4  farm 

Hcl>i  u*r  y  II 

NUieh  10 

KUrcb  17 

2 

Hi^h  S««mp  SiAtiofi 

3«  in. 

in. 

(Cri  hUich  3,  »MOW  waa  above 
crosswbara  on  ahrltcr  sup- 

1  ramprd  down,  and  air 
eaits  tramped  mit  to  scmih.) 

75  in.  Up  to  rmss.bars 
o;t  alwllrr  sup|M>rt,  but 
bate  gr«/urid  uruler  iatge 
lurinlocks  ftear  road. 

) 

f'liia  near  Kitchen  PUcc 

74  in. 

77  in. 

6  io.|  but  bare  aroui.<( 
liuslies. 

4 

Koad  oouih  to  fUrvard  Forex 

73  in. 

-- 

5 

Field  north  of  Harvard  l^orevt 
rkMjndary 

7S  in. 

74  in. 

)5iri. 

0 

Spruce  plantation,  east  of  road 

19  in. 

Under  trees:  74  in. 

Open  s^iors:  30  in. 

Under  tree  si  15  m. 

Open  spots:  74  In. 

7 

koad  oouth  between  youn^ 
plantation* 

25  In. 

Pstc  Kes 

« 

Young  white  aprure  plantation 

77  in.  between 

tree! 

■17  in.  between  trees. 

21  in. 

9 

Open  fielda  north  of  fire  tower 

75K  in. 

27  la. 

Pstc  be* 

10 

Approach  tlope  lo  tummic 

Grtdnal  dcci  ei»e 
upelop*,  77  (u  b  in. 

1 1  in.  (north  of  tower) 

ParcKe* 

11 

Proapece  HilJ  Station 

4  In, 

(8  in. 

Clear 

12 

Sloping  field  aouth  of  'ower 

24  in. 

24  m. 

75X.  4-10  m. 

1} 

South  aiope,  hawthorn 

74  In. 

74  m. 

17  In. 

14 

South  alope,  trail  junction 

28  in. 

74  in. 

18  in. 

15 

Hemlock  trail  junction 

2  1  in. 

18  in. 

15  in. 

16 

Swamp  Knoll 

27  in, 

2B  In. 

17  in,  on  siirMriHt, 

Bale  st'oond  tree  trunks 
on  south  slope. 

17 

Town  I.ine  Swamp  Station 

25  In. 

10  in. 

2J  in. 

ih 

Locust  Opening  Station 

74  III. 

2b  in. 

15  in. 

19 

epen  field  went  of  .<itacion 

2viJ4  in. 

lb  in. 

20 

Brookn  Hill 

24  in. 

29  in. 

2a  in. 

21 

Terrace  trail  to  1-akc  Swamp 

26  in. 

20  in, 

17  In. 

22 

Lake  Swamp,  en.nt  border 

24  in. 

24  in. 

16  in.  (estirnsred) 

23 

l.akr  Swamp  Station 

25  in. 

25  in. 

15  in.  (csri/rMic<Oj  ba.  e 
around  trunks  tvf  coppice 
growth  In  open. 

24 

Tcitbcc  nortJieaat  of  iHtation 

24  ill. 

24  in. 

168  in. 

25 

Red  pine  plantation,  eaai 

20  in. 

20  in. 

-- 

26 

Small  upland  awalc 

37  in. 

Ijillowy,  lit- 36  in.:  Avg,  26  in. 

-■ 

27 

Red  pmc  plantation,  went  ^ 

15  In. 

- 

-- 

23 

Pin  cherry,  brush  stand 

26  in. 

28  in. 

7t  ill. 

20 

Red  pines  on  west-facing  slope 

. . 

Clear 

H) 

Upper  millporkd  swale 

I:**!  c<if;e:  24  8  in. 
Wc.it  cd(jc:  254  in. 

24  in, 

liasl  riigc:  1  1  in. 

West  edge:  14  m. 

31 

Red  pincD  east  of  trail  junction 

17  in. 

74  in. 

-- 

32 

Red  pines  wes:  of  trail  junciion 

19  in. 

.  I'KCAI’liUr  !(!!-!  IHAC  t  -  I'Hi 


s {rj-rrsrn{  sicptlia  rirAvK^fc  f^» 


W4r  t  L  74 

March  SI 

LirUt  deal  , 

Piflda  clear . 

Sir4»r»|>  ^?OX  •nnw-ff^er nl,  10- 1?  »n. 

Near  alichei:  it  irj, 

I’lMler  »lKlfrr{  cirar. 

while  pinca  <41  wrat-Uirin^  mIojk:  rdmf  iA 
•  hehfM  clear. 

Widely'  acaiirretf  Mrita!! 
patebe*. 

Hiri/iU  tlear.  In  iitad  rut*  And  Jiiche*:  0  in, 

Clear 

i>i*apf  ifi  wc/otU  trvi  •h«dl<r.  FirM  cle*r. 

Clear 

In  oj*enr  clear ,  In  «hade  »#f  aprnce  piantatum 
m  M>Mthr  7^%,  8  trp« 

Clear 

Ufkier  tree*;  r>-6  in. 

In  ofjrn-  clear. 

fUrdwrwxl  j^rr^vr.  i.u%afhwtin  vf  rtrarl,  60X, 

6-^  rn. 

Widely’  acattered  aotall 
]k«tc  liea. 

In  white  pine*,  wc»t  oi 
i  oad;  iSX,  i  in. 

l^archca 

Clear 

''mail  illirt*  IveiWfcn  trre«. 

Small  1  emnanf  dr  tfta 
briwem  (f  ef  ». 

:'5c*r 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear  (Dj^>en  aoudj  alope  U  I.MtJc  iVmipcCI  Hill 
■  lau  clear .) 

Clear 

hint  nhfecrvcd.  look  alterrwitc  roijir,  «rr  hclow. 

Clear 

Not  otacfvcd.  Co-tK  alternate  ro^^le;  ace  hclow. 

Clear- 

Nos  obacrvrd.  TwA  Ktcernatr  route;  ree  below. 

Small  aCatlercd 
paiehea. 

Summit  and  vreat  Hici|;>e;  clear, 
lUrmloek  grove  to  eaar;  VSX,  10  In, 

Clear 

W,  ft  in. 

Small  pawhea  in  big 
wrKNia  on  caat, facing 
lilcipcr.,  weal  o{  station, 

Kna.J  rroni  Town  Line  Swamp:  mudd)'. 

In  yrunt'^  hA.'dw<»rMl  AtlAmfa:  aiKor, 

In  open  Nfwjl'*;  clear,  cjuccpt  in  patchca. 

Cleei 

C|e,ir 

Clear- 

Irafi  pii  cai’l  alo;Hf;  12  in.;  irail  on  Murnmit: 

70X,  b  in. 

Clear 

Wcat-Iacing  4lo}>i;ff;  clear;  frrracc  iof>:  ?X,  1  m. 

Clear 

MtX,  4  in. 

Clear 

'i%.  4  ji>. 

C'rar 

/fj%,  4  in. 

Clear 

ft  in. 

, . 

VOX,  10  in. 

In  eiiaJe  d  red  piiura  ar  a«i;th  edge;  !0  ft. -wide 

Iwlt.  '*0X.  7  tn. 

In  f'ptn  ••wnijpihr  cle<«i . 

ClJmi 

Sniiill  thm 

UifiX.  n  in* 

On  IJai  ir/'/rttV  IDOX,  O  m. 

OVi  wr^C-facin^  drcicitbc*  if  in, 

n«p  jn  <:  [r,u  At  l»rii^«*. 


I'if^urc  97  -  Snow.Kieasurctiient  Scatinnn 
ProHpcct  Hill  Tract, 


SPI-CIAI.  IKAVliH.Sl;,  /.lurch  P^,  \‘M$ 

pttjii.  I’lOJitpfcl  Hill  wcNtwanI  acrifbh  vaH/'v  Kriiij  ti -.liJ  at  ca  .m 

oi  Hiq  Spruce  Swuinp,  dience  souds  or  trail  anj  esuudictiM  tu 
I  own  Line  Swamp; 


33 

Red  pine  plani>iiio>i 

Clear 

U 

(«p*rn  clearing 

6u*C  i}  in. 

Close. grown  hproct* 

Under  irccii,  eleot;  ir^ 
t  rai  1,  I  S  lo.  driltw. 

16 

Uj>pcr  hlojK*  of  valley 

C>f>en  where 

ahaded,  RrjX ,  Kin.JurKlei 
big  tj  ecs;  clear. 

37 

Midxlope  rerraec 

l5  If}, 

Jft 

Lower  in  ImrdwotRls 

C|f-,TI 

!<> 

Valley  [’otiuiu 

liasr  hank.  fuX.  v 
tnn  bf>vi|dcf‘f«  proiiuJe 
wc*«-(  bank,  aruj  V-fKiteh 
tn  valley  hesd.  75%.  j; 
rn. 

40 

Crnllc  lcr  «Hce  'tJoive  went  of 

Ntr  earn,  ainl  sicep  sloj»c  up  to 

1  ittle  Prospect  summit 

Cicaf 

4  1 

fUrdwiHxls  east  uf  iiail 

ilOX,  *?  in. 

42 

3  oiutg  l>if  ch  HiaiiJ  oi  ojd  elrajing 
»>n  ?‘IojX'  e.im  of  hnidwtHw!* 

Clee '  on  up^n^r  sjojic: 
dun  sAow  on  lower  i  sitijn.*. 

4  \ 

1  fnrk  iiaod  oi  yonrig  s?pi  tnrf  niaple 

12  in. 

44 

Ol-err  Hiaruf  cjf  mactii  e  maplr  oci 
straHsp  ili;cr  ,  no?  ib  Cif  !\vwf. 

1  n>r  .SwaiTip  station 

76%.  fi  in. 
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lAHi.l;  111  SNOW  DHI'lll  MliASUK  liMIjMS 


( 1 V  r  c  r  iiiaKr  ■ 

Indicate  eaiiniale  i<l  area  cuicrcd  with  ■.•luw 

SncwT 

Sucion 

Number 

(Pil.  «) 

Prl’ruai  y  7 

Maicli  15 

Open  iriil  on  P«y  I.ol 

24  III. 

15  in. 

46 

Red  pine  pUnteiion 

la  ID. 

22  III.  artt*  (Inllow y) 

47 

Spruce  jrtil 

24  in. 

-• 

4* 

Rlcceille  Pond  Sielion 

17  III. 

2«  (n, 

47 

F»y  l.oi  Terrace  Siaiion 

2  1  in 

25  III.  avji,  (16.56  rany)c). 

^0 

Weal  Boundary  Station 

22  in. 

17  in.  av||.  (lr««  i<*  weal). 

il 

Iniercliff  avale 

2i  in. 

27H  In. 

52 

Weal  Terrace  Station 

25  in. 

20  in, 

5J 

Tom  Swamp  cauaeway 

24  in. 

15  in. 

S4 

Tom  Swamp  Station 

25  in. 

(Thin  ice, 
water  below) 

16  In. 

55 

Road  north  lo  Harvard  Hill 

2  5  In. 

-- 

36 

Hemlock  Baae  Station  , 

23  in. 

21  in. 

57 

Harvard  Hill 

25  in. 

(Haal  alopc) 

-- 

58 

biarvard  Hill  Station 

238  in. 

23  III. 

59 

Road  north  to  Chcstni.i  drove 

23  in. 

60 

Cheetnut  Grove  Station 

18  in.  avp,. 

(15-26  in.  range) 

1  9  in.  in  Minlier 

29  in,  In  clearing 

61 

Road  eaai  to  Stream  CroRain^ 

25  111. 

-- 

62 

Stream  CroBaing  Station 

25  in. 

29  in. 

63 

Road  north  to  Trail  Fork 

23  in. 

-- 

64 

Trail  Fork  Station 

2bX  in. 

24  in. 

65 

Road  to  Gant  Hill 

24  in. 

24  in.  on  flatR 

66 

Gant  Hill  Station 

24  in. 

2  1  in. 

67 

Fifihcr  Sund  Suiiori 

23  in. 

21  in. 

68 

Gravel  Hill  Station 

OrifiR,  30  in. 

ShalloWR,  18  III. 

.Siiinoiii,  15  III. 

North  hlopc,  6  in. 

South  Hlops,  75X  covet' 
variahic  dc[>t!iH, 

69 

Mill  Point 

Driftn,  30  In. 

21  in. 

Slmilowd,  18  i-i. 
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liah  (i‘r'»»nreii(rMt*  ayrra^r  Daxtirs  initlfAcc  no  iratlio,; 


Match  !2 

F»ichr».  (t  iti..  roaii  clear 

vJlCilJ 

Untiet  tirca,  f  in.,  road,  1«  in. 

{  '.Ilk  ,  a'  »2k.  1  k'.\J 

on  !op. 

Scioiti-fac f  11^  clrar, 

,  1 «  >u 

ScaiiriCil  fiatctiea.  'A'airi  up  '>  in.  on  ('«•■<»  of 

(Ml  tiO'! 

•  iieliei . 

1  t  1  t.  sir^I  tt2  i  it.  riiit  <il  ol 

•-ht  lici  «  Iliin  liTir 

toX  Know  cover.  5  to. 

■ '  It  .n 

It'  »d,  0  III.  Swamp  ovri  flowiii^. 

HoaJ  cicnr  .  SfH»w  in 

Wtk<ki.tay  to  la<,)£iCh. 

i-.'ir.i  r 

Cleat  .  Metjf  Mlununet 

ovt'i  1  u.'iil  atui  eiivair^p. 

-- 

C.\ci\  f .  1  h|{^  gU^Jt  ICC  on 

. 

Chat 

•iX  allow  rtis-fi,  5-5  in.  (An  w.criiij 

Clear 

alofie:  Itl't  cover,  u  in. 

Laj.!  raJopc:  clertr. 

North  lilope:  '>'jX  Cr;  er,  1.!  in. 

Norili  nIo|h-,  lower  halfj 

Weat  altipe:  open  fldwiin,  *)55i,  )?-  M  in.;  deOhe 
Keiiiloclc,  20'/.,  2-1  in.;  open  lieniltxlt  MX,  9  in, 
.SoiithweiK  Hlupc:  o(»eti  acrtili  cleat  . 

4  in.  (chliniAtcJ). 

Cleai 

Clear 

U  in. 

pmehen  in 

hpoi  F». 

10.12  111.  (all  cool) 

Clrrtr,  ricept  paiche**. 

Clcfli' 

■JOZ,  10  in.  Stream  out  of  banka. 

Small  pitch  to  went, 
bridge  pafihttblc. 

12  111.  Stream  up  to  bridge  fbxir. 

Clear.  Stream  down 
in-  from  bridge  floor. 

North  alopea:  60"  atlow  cover,  5  in. 

South  alopea:  clear. 

Clear 

Scattered  ahallow  patchca. 

Clear 

Patchea.  No  anow  in  limher  to  caat. 

Clear 

Scattered  patchca.  Nunicroiia  atreama,  flowing 
ahecca  of  water. 

Clear 

Nortlieaat  alope  and  road  trough  to  noriiieaat: 

Clear,  except  for  Nmal] 

7551,  6-8  in. 

paich  in  road  trough  to 

Northtreat  alope:  clear. 

South  alope:  clear 

northeast. 

JOA  anow  cover,  4  in.  Mote  to  north;  leaa  to  aouth. 

Clear.  IdarvarJ  (Brooka) 
Poi>d  75%  clear  of  ice. 

Figure  98  -  Snow-MeaBurement  Stations 
Tom  Swamp  Iract. 
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TAIMJi  III  SNOWOHPIIIMHASUKIiMliNI^; 


(Pcf  ccm-i^r a  ItkIicair  catinulir  of  air*  C'jvticil  ^iili  *n4)i*. 


Sno^ 
Smiioci 
Number 
(Pig.  M) 

February  10 

March  2  3 

70 

Hickory  HiJl  Siaiion 

23  in. 

|0X  «iKjw  cover,  6  in.  Ojwn  area*  tai  auiiih  ■lope: 
clear. 

71 

Hickory  Hill  Junction  Station 

23  in. 

I5X,  6  III.,  clear  near  aiatioii. 

72 

Shelf  Svamp  Station 

23  in.  but  with  bare  ice  on  |>oiid. 

Clear  in  o|«n.  Sik>w  in  heniloolL  grovel  air  In  gi  uve 
6"P  cooler.  Hardwood  grove  to  »04ilh;  9o5,  10  in. 

73 

Koad  aouih  to  Wildcat  Hill 

23  In.  tn  wooda 

Ctiiovrr  »{niili  alopc*  clear. 

74 

Portal  Strarnp 

25  in. 

Cliff. ahadril  rik.d  nor  ihl  lOOX,  18  in.  At  viatlnn: 
S5'X,  12.24  III.  Hoad  •uuiliwratl  75X,  6  In. 

73 

Wildcat  Hill  and  Station 

Northweat  alofiei  18  in.  In  wooda 
at  aunmiii:  15  in. 

Noriliweat  alope:  Lower  cliif  .  i*ar  roail,  35%, 

4  in.  Tliina  upalopc;  upper  tliiid,  clear, 

Sunirnii  wood*:  1531,  8  in;  water  in  hallowa, 

In  ofMcn,  near  atation:  25X,  6  In.  to  weal,  but  clear 
at  edge  of  cliff, 

Northeaac  alopc,  atove  l^oi  tal  Swamp: 

IC.20  in. 

Southwcai  alopc:  clear. 

76 

Cave  Road  Swamp 

12-30  in,  (avg.  22  in.)  Billowy. 

Clear,  Water  high. 

Soutlicaat  alopea  of  ridge  on  weat:  40%,  6-12  in. 

77 

Road  aoutb  to  Lind^-n  Terrace 

24  in.  on  upper  levela, 

22  in.  on  aoulheaat  alopea. 

Upper  levela;  clear.  Southcaat  alopea:  clear. 
N'ortheaat  alopea:  50%,  4  In. 

7i 

Linden  Terrace  Sution 

23  in. 

20%,  4  In, 

79 

Road  down  to  old  barn 

On  flaia:  24  in. 

On  aiopea:  23  in. 

Avg.  50%,  4-6  in.  High  water  In  Hidden  Swamp. 

Pine  plantationa:  90%,  6  in.t, 

80 

Coach  Rood  Station 

23  in. 

Clear 

81 

Slope  down  to  Hidden  Swamp 

24  in. 

50% ,  Thin. 

82 

River  Meadow 

23  in. 

Clear  with  wet  npota.  River  high. 

83 

Connor  Farm 

General  anow  cover. 

Timber:  50%  anow  cover.  I'icJda;  clear. 

84 

Trailaide  Swale  Station 

23  in. 

100%,  14  in. 

85 

Hemlock  Kttoll  Station 

Summit:  18  in. 

tiaal  haac:  100%,  12  In.  I'liinH  upalopc . 

Midalofic:  70%,  7  in.;  aummii,  clear. 

Weal  alope;  5%,  1  in. 

86 

Pine  and  Hemlock  Terrace 

20  in. 

95-100%,  ID  in.  or  more.  Deeper  on  .'oad. 

87 

Tranaecc  Knoll 

20  in. 

Summit:  80%,  10  in.  Went  nlape:  10%,  2  in. 

88 

Road  through  hcmlcx;ka  at 
transect 

15  in. 

Clen  r 

89 

Tranaect  Swale 

25  in. 

25%,  7-15  ill.  (avg.  ID  in.) 

90 

Baac  of’ateep  alope  to  Pine 
Bottoma 

18  in. 

100%,  15  in. 

91 

White  Pine  Ekjttoma  Station 

20  in. 

100%,  12  in. 

92 

South  Boundary  Station 

23  in. 

Clear  in  ojwn 

93 

Burna  Bridge  Station 

21  in. 

Clear 
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inpafiin  r.'nfhm  i  t|)ntri»cnt  4,vcr«j,jr  depth.} 


A  pi  il  i> 


Cleiii 


CJcAf 

Clruf  Hi  wiih  hij/h 

,  Siu>w 

wikier  livnilixk-R. 

CledE 

Cle4r«  rieejrt  Hi  ileep  Snow  pmeh  m  citcronce 

»hadr.  to  Gave  Koad. 

Cleiit,  cjccpi  OM  oor  th 


Clr  t\  y 

Clcn  t 

Clear 
Clen  r 

Clear 
CIca  I 
CI.MI 
Clear 

i>*)% .  (»  \n.* . 

Hrtftt  ulope.  upper  half: 
C  len  r  . 

WcHi  c  lenr'. 

Clear 

Clra  f 

Clcii  r 


1^1%,  <3  111.*. 

Deep  Rnosv  ir  filiaiicd 

fiieaiKiei  eut,  to 

90X.  b- \2  in.  , 

Clrgi  r 

Clca  f 


Snow  in  p.'4tchc«  Hlmiled 
ijy  lic^nlocks. 

vSjiow  in  nhadt’J  inennder 
cut. 

Clear 


Api  1 1  I  ) 


Sinnli  rcniniitit  of  miow 
111  Hha<lcd  incandei  evil. 


I"ij>urc  99  -  .Snow - Nica.mi riMHc ni  Sinttont 
.Siai^  Ciiy  Ti  av  i. 
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Figure  100  -  Melt  rir^B  around  trees  on  lioutii  «Jo|:>c  of  Town  [,inc  Swunip  Knoli.  I-ooktt^  went  toward  swamp 
floor.  March,  19'J8, 


was  no  longer  more  than  u  few  inches  deep;  and  hecausc  the  ground  was  warm  almost  every¬ 
where,  spring  plant  growth  began  virtually  Himultancously  tiu  oiighout  Kat  vard  I'orcst,  except 
in  the  most  heavily  wooded  sections.  Thus  the  deep  snovz-mver  had  a  generally  benign  effect 
upon  the  forest,  despite  the  lower  air  tempcracures  associated  with  it. 

Had  the  winter  been  warmer  or  less  .snowy,  with  y.>OBHibly  some  open  periods,  it  may  well 
have  been  that  the  local  contrast.^  in  depth  and  duration  of  snow-cover  might  have  caused  tnuch 
greater  local  contrasts  in  tempHtrature  conditions  for  plant  growth ,  During  a  more  open  winter, 
snow-cover  would  have  disappeared  occasionally  on  south  and  southwest-facing  slopes,  but 
would  have  remained  for  longer  periods,  or  even  continuously,  in  shaded  locations.  Hie  ground 
on  the  south  and  southwest  slopes  would  have  been  alfectcd  in  somewhat  the  manner  of  hori¬ 
zontal  ground  in  more  southern  regions  of  abundant  winter  ram  and  little  snow  (which  have  .t 
C  climate  in  the  Koeppen  classification).  Although  receiving  more  heat  hy  day,  the  soil  on  ti'enc 
slopes  might  have  cooled  excessively  at  night,  hecause  no  snow  blanket  was  present  to  mini¬ 
mize  radiational  hea t  loss .  This  would  have  tended  to  result  in  some  alternate  thawing  .and  freez¬ 
ing  near  the  surface.  The  soil  tcmp>cratiirc  would  probably  have  averaged  lower  than  on  ocher 
sices  where  a  snow  cover  remained.  A.h  a  consequence ,  the  period  of  dormancy  would  have  been 
extended  somewhat  longer  into  spring,  until  general  frost  danger  had  become  Ic.ss.  In  this  way 
the  apparent  great  hazard  introduced  by  lack  of  snow-cover  might  have  been  lessened  by  the 
lower  soil  tcmpieratures.  As  has  been  seen,  however,  in  most  winters  at  Harvard  Forest,  .ill 
area.s  will  have  snow-covcr  most,  if  not  all,  of  the  time. 

In  general,  early  winter  .snow  depths  were  conaideriibly  greater  in  open  areas  than  in  the 
woods  (Table  III).  Accumulation  in  mature  coniferous  stands  was  very  slow,  but  steady.  Sub¬ 
sequently,  snow  accumulated  to  great  depth  in  the  space  between  the  trees,  although  thr  average 
depth  per  acre  was  probably  no  greater  than  in  the  young  hardwood  .si.inds.  I.tuz  and  CiiandJcr 
(1942,  p.  270)  state  that  snow  depths  average  deeper  in  h.nrdwood  stands  than  in  coniferous 
stands,  and  that  soil  temperature.^  consequently  become  lower  in  the  corufcroiiH  .stands.  In 

reach  tlie  ground  rapidly  and  even  in  c.iriy 


youn^  conifcro'ij- 

/  o 


t  HIV  r7i>0»T 


winter  had  buried  the  lower  branches  of  the  trees. 
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101  .  Stream  in  full  flood,  draininj^  Compnrinicnt  V  Swale,  in  Tom  Swamp  Tract,  View  is  upstream 
from  |5oirit  near  strctuire  entry  into  Itarvnid  I’^oiid.  J.nokiiip.  lmmi.  harly  April, 


Iti  the  deep  woodsi  at  Harvni'd  I'orcst,  daytiitic  incJtiiig  and  suhlimation  oi  the  snow  did  not 
oi'.ciir  ta  nearly  the  same  extenron  cliegfound  that  it  did  in  the  tix'c  tops  or  on  the  ground  in  open, 
sunny  places  (Figure  lOO),  Consequently,  by  late  winter  the  total  snow  depth  in  many  wooded 
arcau  (Figure  95)  was  comparahlc,  except  in  the  densc-canopicd  coniferous  plantations,  to 
that  in  most  open  areas,  or  was  even  g  -aier.  Diebold  ( 1 938.  p.  1131  ff.)  reports  that  near 
Ithaca,  New  York,  late  winter  snovz-cover  was  deeper  in  hardwood  Himns  than  in  the  open,  also 
that  the  snow  lasted  longer  there  than  in  the  open,  and  that  it  kept  the  ground  in  the  woods 
unfro/.cn . 

in  spring  the  snow-cover  disappeared  li rst  on  exposed  south  and  southwest  slopes,  and  soon 
thereafter  on  east  and  souilicast  slopes  and  open  flats.  Hardwood  stand.s,  tiiougli  leafle.ss,  i  etard- 
ed  the  snow  melt  slightly,  and  coniferous  stands  inurh  more.  Riinnll  was  lapid  (T’lgui'e  lOl)  hut 
very  few  arca.s  were  flooded,  and  those  neitlier  extensively  nor  for  any  very  long  periods. 

riie  snow-cover  iasicd  longest  in  the  .shady  pockets  in  deep  valleys  and  on  noi  tli  slopes.  The 
heavily  wooded  lower  Swift  River  Valley  in  the  .Slab  City  Tract,  for  e.xample,  i  etamed  a  deep 
snow-covei-  for  severai  weeks  after  snow  had  di sapjieared  a  1  mo sv  cvet  y where  else .  The  la.st 
remnant  patch  seen  m  Harvard  In-ircst  was  undci  a  steep  north -ine ing  bank  at  the  edge  of  the 
White  Pine  Rotrorn.s.  Kmredge  (1948,  p.  145),  reports  snow  melt  being  retarded  a.s  mucli  as  six 
iveeks  by  forest  cover,  with  retardation  increasing  with  increase  in  density  of  tlie  canopy. 

Tlie  tetnpernrure  tables  and  I'lgure  74  indicate  tiie  marked  rise  in  temperatures  at  the 
time  of  the  spring  melr.  .Seasonal  imnperature  change  and  .snow  melt  have  a  recipi'ocal  rcla- 
rionsiiip  in  which  lioih  are  parti)’  cause  and  partly  elfeci.  Afcei  the  snow  melt,  iiowcvcr,  tem¬ 
perature  fluctuation  wn.s  niucli  greater  than  when  a  snow-cover  was  present,  fins  was  owing 
to  tlie  increase  of  maximum  air  icmpei  atures,  no  longer  held  to  near  Ireezuig  by  tlic  great 
heat  loss  attemling  tlie  conversion  of  snow  to  liquid  or  vapor  on  warm  days,  Ihi.s  greater 
range  upward,  iiowever,  wa,.  offset  somewhat  by  the  less>‘i  range  downward,  i^ccausc  of  the 
absence  of  snow,  tlie  inimmnm  lempci'niiii  ci.,  when  they  were  above  li  cozing,  were  no  longer 
drawn  down  to  freezing,  as  rliey  wonld  hn’ze  been  even  on  mild  mglir.s  had  a  snow  cover  been 
preseni,  nor  we:i  i:  tiiOy  dfuivn  dowii  to  even  lovvm  tenipei  alu^e^•  by  excessive  latiiaiiunal  cool¬ 
ing  of  ilic  snow  sill  Tice  as  had  been  common  tin  t  leai  ,  -.iil!  wnut  i  mglits. 
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h.  Summary. 


Prom  ihe  foregoii^  discustiiouof  factors  cauBing  tcrnperiilurc  div'erKity  within  fiarvard  For¬ 
est  it  is  evident  that  few,  if  any,  recognizably  contrasted  places  in  a  given  region  arc  likely  to 
have  the  same  temperature  regime .  At  the  sanic  time,  it  is  evident  that  places  having  eserntially 
the  same  site  factors  will  have  similar  temperature  rcgimcH,  even  though  such  places  may  be 
widely  separated.  Because  various  site  factors  have  differing  effects  in  different  seasons,  it 
is  alao  evident  that  the  temperature  contrasts  between  any  two  stations  will  change  from  season 
to  season  unless  all  site  factors  are  the  same  at  l)oth  places.  In  some  cases,  liowevcr,  l>ecausc 
some  of  the  site  factors  tend  to  counter -balance  each  other,  places  with  very  different  combina- 
tiona  of  factors  might  have  essentially  the  same  tcmperanirc  regime.  A  careful  analysis  of  the 
site  factors  at  *  given  place  should  permit  an  approsimaicly  correct  decision  as  to  the  probable 
temperature  pattern  of  that  place,  particularly  if  adequate  consideration  is  given  to  the  seasonal 
change  in  the  relative  influence  of  each  factor. 

6.  Temperature-Rank  Scales.  (Figures  102  to  106.) 

In  this  section  the  temperature  stations  maintained  at  Harvard  Forest  arc  ranked  according 
to  minimum  temperatures  and  according  to  maximum  temperatures.  These  rank  lists  provide 
an  approximate  scale  for  purposes  of  comparison. 

The  charts  accompanying  this  section  set  forth  the  approximate  temperature  rank  for  each 
Harvard  Forest  temperature  station  for  every  month  during  which  such  station  was  operated. 
The  maximum-temperature  scales  were  constructed  by  a  slightly  different  inetliod  from  that  em¬ 
ployed  for  constructing  the  minimum-tempt-rature  scales,  but  the  systems  used  were  essentially 
similar.  Numerical  examples  showing  the  method  employed  are  given  on  the  title  pages  of  Appen¬ 
dixes. D,  E,  and  F.  The  ultimate  purpose  in  each  case  was  to  provide  a  scale  extending  from  the 
warmest  to  the  coolest  conditions  in  Harvard  Forest  and  to  place  every  station  in  its  approxi¬ 
mate  position  on  that  scale. 

a.  Method  of  Determining  Minimum-Temperature  Ranks. 

It  will  be  seen  that  on  the  niinimum-tcmpcrature  rank  charts  (Figures  102  to  105)  tlie  stations 
are  classified  on  a  scale  of  10.  No  intermediate  places  arc  assigned.  If,  for  example,  a  sta¬ 
tion’s  monthly  average  of  weekly  minimum  temperatures  was  anywhere  in  the  upper  10  pierccnt 
of  the  range  between  the  monthly  average  of  the  highest  weekly  minimum  temperatures  and  the 
average  of  the  lowest  weekly  minimurns  (regardless  of  where  read  in  the  I'orcsi),  such  a  station 
was  given  a  rank  of  1.  If  its  average  placed  it  anywhere  between  31  percent  and  40  pci-cent  in¬ 
clusive,  it  was  given  a  rank  of  4.  A  station  with  an  average  falling  anywhere  in  die  lowest  10 
percent  of  the  range  (that  is,  from  91  percent  to  100  percent),  would  have  a  rank  of  10. 

Obviously,  the  most  desirable  procedure  would  have  been  to  take  .all  readings  on  the  same 
day  each  week,  covering  the  same  preceding  seven  days,  and  then  determine  a  monthly  mean 
of  the  weekly  readings.  In  practice  this  was  not  possible.  Not  all  the  stations  could  be  reached 
on  one  day.  Readir^s  taken  on  different  days  did  not  always  give  minimum  tempcjaturcs  oc¬ 
curring  on  the  same  night,  or  maximums  which  had  occurred  on  the  .same  day.  Consequently , 
in  arranging  the  stations  inorder  of  relative  coldness,  a  somewhat  subjective  process  was  used. 
First,  in  the  case  of  minimum  temperatures,  it  was  determined  which  weekly  sei  ies  of  readings 
represented  conditions  occurring  on  the  coldc.st  night  (or  at  least  during  the  same  coldc.st  per¬ 
iod).  This  was  determined  by  analysis  of  available  thermograph  recorda.J’or  some  months, 
notably  January  and  July,  the  readings  taken  each  week,  regardless  of  the  Jay  on  winch  tahen, 
formed  a  sir^le  comparable  series  for  that  week.  In  other  months  the  readings  taken  on  different 
days  of  some  weeks  were  not  comparable,  but  some  ranking  could  still  be  done  for  some  siations 
on  the  basis  of  each  day’s  series  of  readings.  In  some  wcck.s.  two  successive  clays'  rending.s 
would  form  a  siqgle  series,  and  the  third  day’s  readings  would  tie' in  with  those  taker  iiy  the 
first  day  of  the  following  week.  By  u.3e  of  such  partial  series,  it  was  possible  to  arrive  at  a 
reasonably  satisfactory  approximate  ranking  of  all  stations  in  the 'network.  The  procedure  might 
be  likened  to  that  used  in  matching  overlapping  partial  sections  of  varved  clay.y  or  tree-ring 
spectra. 

As  was  described  in  Section  I,  of  this  chapter,  weekly  readings  give  a  useful  approximation 
to  the  minimum-temperature  rank  of  stations  but  do  not  always  give  the  preci.ne  relative  place¬ 
ment.  It  is  apparent,  therefore,  that  even  a  simple  scale  of  10,  as  u.scd  here,  suggests  a  greater 
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degree*  of  cotiipa rabi I ity  in  tlic  data  ilian  inactuaJiy  prcbcnt,  A  ncalc  wiih  only  live  caicgoricb, 
liowcver,  would  olibcurc  many  of  tile  fine  dibiiiiCtionK  which  the  weekly  leadingn  suggem  and  which 
daily  rcadingH  from  the rmographM  indicate. 

The  reiHon  for  acttii^  up  ■  relative  scale  of  10  raificr  than  giving  actual  means  in  degrees 
Fahrenheit  lies  in  the  variability  of  conditionb  in  the  same  month  during  succeeding  years,  A 
degree  scale  for,  aay,  November  of  a  given  year  would  not  be  usable  for  a  much  warmer  or 
colder  November,  with  either  smaller  or  larger  temperature  contrasts  the  following  year,  but 
the  relative  rank  of  stationn  on  a  scale  of  10  from  warmest  to  coldest  could  reasonably  be 
expected  to  be  comparable  for  each  year  (Figure  73),  making  due  allowance  for  progressive 
changes  in  site  factors. 

h.  Comparisons  of  Minimum- Temperature  Ranks  of  Slieltered  Stations  (Figures  102  and  103.) 

Keepi'^  in  mind  the  limitations  inherent  in  the  dma,  and  tlic  possibility  that  for  some  months 
some  stations  may  have  been  ranked  a  step  toe  high  or  coo  low,  one  notes  that  many  of  the  shel¬ 
tered  stations,  nevertheless,  display  a  considerable  consistency  of  placement  with  respect  to 
one  another,  season  by  season,  and  in  many  cases  month  by  month.  Thus,  Proopect  Hill.  Har¬ 
vard  Hill,  and  Brooks  Hill  arc  quite  consistently  the  warm  stationa,  while  Tom  Swamp,  Burns 
Bridge,  and  River  Meadow  are  conuistcntly  very  cold.  Other  stations  show  reasonably  consis¬ 
tent  placemen:  at  intermediate  ranks.  Thus,  the  West  Boundary  station  ranks  near  2,  Trail 
Fork  usually  at  2  or  3,  Fisher  Stand  at  3  or  4,  Chestnut  Grove  at  4  or  5,  and  Town  Line  Swamp 
(somewhat  less  consistently)  at  5.  The  wooded  stations  in  die  Slab  City  Tract  (Trailside  Swale, 
Hemlock  Knoll,  Transect  Swale,  and  White  Pine  Bottoms)  average  between  6  and  8.  Fay  Lot 
Terrace  is  slightly  less  cold  in  winter  (8  to  9)  than  Tom  Swamp  (lO),  but  just  as  cold  in  spring, 
(both  10).  It  also  is  warmer  than  its  neighboring  station  on  Riccville  Pond  shore  in  winter,  but 
is  several  steps  cooler  from  April  to  July. 

Perhaps  the  most  strikir^  change  in  relative  nunimum-temperature  rank  is  exhibited  by 
Mill  Point  and  Gravel  Hill,  where  summer  nights  arc  kept  warm  by  Harvard  Pond,  but  where 
winter  nights  arc  almost  as  cold  as  at  other  valley-bottom  stations.  The  hardwood  forest  on 
Mill  Point,  plua  aomc  possible  slight  heat  still  coming  up  through  the  pond  ice,  keeps  it  slightly 
warmer  than  Tom  Swamp.  Gravel  Hill,  which  is  50  feet  higher  than  Mill  Point  and  is  a  convex 
Bur*'acc,  averages  one  to  two  rarilS^warmer  throughout  the  year,  even  though  it  too  lies  deep 
in  the  cold-air  lake  formed  durif^|ifach  inversion. 

c,  Comparisons  of  Minimurr^Temperaturc  Ranks  of  Nonsheltered  Stations  (Figures  104  and 
105.) 

The  charts  constructed  for  the  nonsheltered  minimum -thermometer  stations  indicate  a 
consistency  similar  to  that’ of  the  ahcltcrcd  stations.  These  charts  were  cross-checked  with 
those  for  the  ahcltered  stations  for  all  places  where  both  a  sheltered  and  a  nonsheltered  min¬ 
imum  thermometer  were  installed,  and  arc  all,  therefore,  on  the  same  scale.  As  has  been 
described  previously  in  Chapter  HI.  the  two  installations  at  each  station  were  not  exactly  at 
the  same  spot,  hence  the  readings  from  sheltered  and  nonsheltered  instruments  differ  slightly, 
particularly  for  stations  in  hollows,  such  as  at  Shelf  Swamp,  or  on  flats,  as  at  Locust  Opening. 
On  well  -  ventilated  hilltops,  however,  the  readings  were  usually  identical  or  nearly  so. 

It  is  interesting  to  note  that  open,  upland  concave  areas,  such  as  High  Swamp,  Cave  Road 
Swamp,  and  Shelf  Swamp,  are  relatively  higher  in  rank  in  winter  than  in  summer.  The  explana¬ 
tion  probably  lies  at  least  partly  in  ibe  fact  chat  vegetation  at  the  exits  from  these  areas,  being 
in  leaf  during  summer,  provides  more  effective  dams  against  air  drainage. 

d.  Comparisons  of  Maximum-Temperature  Ranks  (Figure  106.) 

As  has  been  emphasiated  previously,  weekly  maximum  ic.mperatures  are  considerably  less 
reliable  than  daily  maximum  temperatures  for  determining  the  relative  rank  of  stations.  An 
order  of  maximum-temperature  rank  for  a  given  month  of  one  year  might  be  only  partially 
comparable  with  the  order  for  t.Se  same  month  in  following  years.  For  this  reason  no  rank 
scales  on  a  basis  of  10  steps  have  been  attempted  here.  Ihc  stations  were  arranged  in  order 
of  decreasing  warmth,  however,  by  the  same  procedure  outlined  for  minimum  temper  atures  and 
are  so  shown  in  Figure  106.  A  monthly  mean  of  the  highest  maximums  recorded  for  each  week 
was  computed  (or  estimated,  if  not  all  weeks  had  comparable  series),  and  a  monthly  mean  was 
determined  for  each  station.  The  stations  arc  arranged  on  the  chart  according  to  tlicir  approxi- 
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APPROXIMATE  RANKS  Of  UNSHELTERED  STATIONS 
ACCORDING  TO  AVERAGES  OF  MEEKLY  MINIMUM  TEMPERATURES 
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matir  deviation  from,  the  mean  of  the  highest  weekly  readings.  Ihis  deviation  is  shown  in  Fah¬ 
renheit  degrees. 

Such  a  chart  shows  at  a  glance  the  greater  diversity  characrcrisuc  of  summer  months  and 
the  small  diversity  during  winter  months.  To  be  sure,  this  chart  does  show  the  relative  position 
of  each  station  for  each  month  also,  just  as  the  minimum -temperature  rank  charts  do,  but  on  a 
varying  scale.  In  its  entirety  it  gives  a  general  picture  of  seasonal  contrasts  in  the  diversity 
of  maximum  temperature.  Its  limitations  must  be  kept  in  mind,  however,  when  the  month-to- 
month  temperature  pattern  of  any  single  station  is  examined.  The  greater  diversity  in  summer 
is  largely  a  consequence  of  trees  being  in  leaf.  Places  in  the  forest  remain  cooler  than  places 
in  the  open.  In  winter,  when  the  trees  are  bare,  and  particularly  when  snow  covers  the  ground, 
diversity  of  maximum  temperatures  is  much  smaller.  This  is  in  direct  contrast  to  the  diversity 
of  minimum  temperature,  which  is  greater  at  all  seasons  than  that  of  maximum  temperature 
and  is  especially  great  during  the  winter  months. 
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APPROXIMATE  MAXIMUM  TEMPERATURE  RANK  OF  SHELTERED  STATIONS 
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7.  I‘rcqucncy  Uimriburionw ■ 

DiHCUHMion  of  lempcraturc-rjuik  mcjiIck,  in  tlic  preceding  neetion,  was  based  priniarily  on 
rcudingH  taken  once  weekly.  Dihcuamon  here,  of  frequency  diKtributionB,  is  based  ujXin  daily 
readings  of  rnaaimuni  and  minimum  ccmjX'raturcH,  and  indicates  die  great  amount  of  additional 
information  derivable  from  such  more  numerous  and  more  readily  comparable  data. 

The  distributions  arc  shewn  graphically  in  Figures  107  and  108.  Figure  107  shows  the  fre¬ 
quencies  of  daily  manimum  temperatures,  plotted  on  a  seasonal  basis  for  all  four  seasons,  for 
Harvard  Forest  Headquarters,  Harvard  Hill,  andTomSwamp.  Itsliows.  also,  the  spring-season 
frequencies  at  Prospect  Hill  and  White  Pine  Bottoms .  Figure  108  shows  minimum  temperatures 
plotted  similarly.  Data  for  the  Headquarters  station  arc  from  maximum  and  minimum  ther¬ 
mometers  read  at  alxiut  noon  or  shortly  afterward.  Data  for  all  other  stations  are  from  the 
thermograph  traces  read  for  each  24-hour  period  ending  at  1800  h.  fhis  hour  was  chosen  be¬ 
cause  the  temperature  was  usually  intermediate  and  falling  at  that  time.  This  assured  a  high 
degree  of  likelihood  that  the  greatest  true  range  between  the  temperature  trough  and  crest  for 
a  given  daylight  period  would  be  read  for  that  day. 

<!•  I* requericiea  of  Daily  Maximum  Temperatures,  by  .Seasons  (Figure  107), 

In  general,  uil  ataciona  exhibit  a  conaiderable  similarity  in  frequency  distributions  of  daily 
maximum  temperaturea  for  each  season.  In  summer  the  distribution  is  compact  and  quite  uni¬ 
formly  grouped  around  a  high  mode.  Autumn  is  a  season  with  much  less  uniformity,  a  wider 
'■»nge  and  more  than  one  mode,  Ingeneral,  three  groupings  are  apparent  for  autumn,  consequent 
upon  markedly  different  weather  each  month.  In  winter  the  grouping  is  more  compact  again, 
with  a  alight  skew  toward  the  lower  temperatures  and  a  tingle  high  mode  at  about  32 ®F.  The 
Headquarters  chart  shows  two  similar  modes,  one  athigher  and  one  at  lower  temperatures  than 
those  of  the  two  other  stations,  but  this  may  be  a  consequence  of  the  different  reading  procedure 
at  the  Headquarters  station,  described  above.  The  spring  charts  show  as  great  a  diversity  aa 
the  autumn  charts,  but  show  a  more  definite  concentration  around  a  single  mode  or  group  of 
modes  snd  i  skew  toward  the  higher  temperatures.  Not  all  the  stations  are  alike,  however, 
Harvard  Hill  and  Tcm  Swamp,  in  the  lowland,  are  the  warmest;  Harvard  Foreat  Headquarters 
is  almost  as  warm;  but  Prospect  Hill  is  notably  cooler.  These  differences  are  expressions  of  the 
norm.si  and  superadiabetic  lapse  rates  frequently  evident  at  the  lowland  stations.  Maximums  at 
White  Pine  Bottoma,  however,  are  as  low  as  those  at  Prospect  Hill,  irdicating  the  influence 
of  a  denM  forest  canopy  in  neutralizing  normal  temperature  decrease  between  a  forested  valley 
■tation  and  an  open  hill  station. 

k 

b.  Frequencies  of  Daily  Minimum  Temperatures,  by  Seasons  (Pigure  lOfi). 

The  frequency  pancrna  of  daily  minimum  temperatures  differ  markedly  from  the  patterns 
of  maximum  temperatures,  and  for  each  season  they  exhibit  a  considerable  individuality  for  each 
station.  For  summer,  all  stations  have  a  compact  grouping.  Each  station  has  one  mode  at  or 
near  58°F,  representing  generally  comparable  conditions  during  periods  of  low-pressure 
weather.  The  Headquarters  station  also  has  a  close  grouping  around  52‘^F,  as  does  Harvard  Hill. 
In  contrast,  Tom  Swamp  has  its  lower  mode  at  46'’F;  this  is  an  expression  of  the  frequent  clear- 
night  inversions  common  in  summer  as  well  as  in  the  other  seasons. 
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Aufumn  trcquoncy  p«t«crnH  oi  minijuum  tempciatuicj^  have  iJirce  grciipingh,  whicii  again, 
as  in  the  case  of  the  ina«iniiirn  fi  equcncics,  indicate  greatly  diflering  condiiioiiH  viiiring  racli 
month.  Hcadquarierh  is  slightly  cooler  than  Harvard  Hill,  but  has  a  aimilar  pattern.  I'otn  Swamp 
is  considerably  cooler,  again  as  a  consequence  of  frequent  invei'sions.  It  has  almost  twice  as 
many  autumn  nights  with  frost  as  hlarvard  liill  (I  .  S.  48;  H.  H.  27),  and  less  than  half  as  many 
vegetative  days  (T,  S.  22;  H.  H.  47). *  'I‘hc  winter  p.'ittcnis  exhibit  an  exceptionally  large  shift 
to  cooler  temperatures.  i;ach  station  has  at  least  three  modes,  the  wai'tiiest  of  which  is  at  22°l* 
or  slightly  below,  f'or  each  station  this  warmest  mixle  rc(>rcsenis  the  relatively  tni Id  cc.-vli - 
lions  during  December.  Ihc  coldest  mode  for  each  .station  chiefly  represents  the  January  con¬ 
ditions  (H.  1*.  Hq.  -5;  H.  H.  -8;  T.  S.  -20).  fhe  grouping  about  the  intermediate  mode  cbicfly 
represents  the  February  conditions  (H.  F.  Hq.7;  H,  H.  4;  I  .  S.  1).  Seasonal  frequency  distribu¬ 
tions  based  upon  all  values  for  a  loi^crperiod  of  rccoid  would  probably  exiiibit  a  more  regular 
grouping,  but  the  stations  in  concave  areas  might  well  have  two  or  more  distinct  inrKlcs,  one 
mode  higher  for  higher  temperatures  occurring  during  cloudy  weather  .ind  one  or'  more  modes 
for  lower  temperatures  occurring  during  inversions  on  clear',  still  nights.  Ihc  distributions 
charted  here  show  a  strong  tendency  toward  a  single  central  grouping  for  the  lull  stations  and 
a  wide  scattering  for  the  valley  stations. 

The  spring  patterns  again  reveal  distinctive  conditions  for  each  month.  A  scattering  of  very 
low  temperatures  represents  March,  during  which  the  general  snow-cover  persisted  lor  more 
than  three  weeks.  A  large  intermediate  grouping  includes  numerous  values  from  a  relatively 
even  April,  a.H  well  as  those  of  the  warmer  nights  in  March  and  the  coolest  nights  in  May.  Thi.i 
grouping  skews  toward  the  warm  temperature.^  for  the  hill  stations,  however,  and  toward  the 
cool  temperatures  for  the  valley  stations.  The  warmer  nights  of  May  show  up  as  &  grouping 
around  a  tertiary  mode  to  the  right.  The  spring  charts  show  distinctly  the  variation  in  number 
of  frost  days.  Prospect  Hill  has  37;  Harvard  Hill,  38;  Harvard  Forest  Headquarters.  41;  White 
Pine  Bottoms,  44;  and  Tom  Swamp,  52.  The  hill  stations  have  a  more  compact  grouping  for 
the  whole  season  than  do  the  valley  stations, 


a.  .Special  Temperature  Fwetors  Affecting  Plant  Growth. 

It  should  be  emphasized  that  temperature  is  only  one  of  the  important  factors  affecting  plant 
growth.  In  the  necesaarily  brief  discussion  which  follows,  little  is  said  about  other  factors  such 
4s  moisture  and  wind,  which  in  many  inatanccs  may  be  of  relatively  much  greater  aignificancc. 
It  must  be  kept  in  mind,  however,  that  the  effectiveness  of  any  single  factor  is  influenced  by,  and, 
conversely,  itself  influences,  ail  the  other  factors.  Temperature  not  only  affecta  plane  growth 
directly  by  its  action  on  the  plant,  but  indirectly  by  its  influence  on  the  other  factors  affecting 
the  plant. 


a.  Length  of  Vegetative  Season. 

The  length  of  the  vegetative  season  is  variously  defined,  by  several  differing  criteria  (Con¬ 
rad  and  Poliak,  1950,  p.  167).  Quite  commonly  it  is  measured  from  the  last  killing  frost  in 
spring  until  the  first  killir^  frost  in  autumn.  Such  a  measure,  though  unsatisfactory  for  some 
purposes,  gives  an  approximate  idea  of  total  growing  time  available  to  many  plants  and  of  the 
time  and  duration  of  periods  during  which  critical  condition.**  may  be  expected.  The  response 
of  an  individual  plant,  however,  is  conditioned  by  different  kinds  of  temperature  factors  at  dif¬ 
ferent  stages  (Zon,  1941,  p.  496  ff;  also  Wolfe,  Wareham  and  Scofield,  1949,  pp.  125-130),  Thus, 
germination  depends  chiefly  upon  soil  temperature  rather  than  upon  air  temperature.  Danger  to 
opening  buds,  by  contrast,  is  chiefly  related  to  air  temperature.  Once  well  beyond  the  budding 
stage,  the  plant  may  be  hardy  enough  toexperience  no  damage  from  hard  frosts  later  in  spring; 
thus  its  total  seasonal  growth  is  then  dependent  upon  total  hours  or  degree  hours  above  a  given 
temperature  rather  than  upon  total  days  between  last  spring  frost  and  first  autumn  frost.  For 
many  plants,  growth  stops  in  late  summer  when  the  amount  of  soil  moisture  falls  below  a  neces¬ 
sary  minimum,  often  several  weeks  before  any  frosts  occur.  Keeping  such  considerations  in 
mind,  it  is  nevertheless  desirable  to  begin  this  discussion  with  an  analysis  of  the  length  of  the 
frost-free  season  in  differing  parts  of  the  Harvard  Forest. 


*  A  vegetative  period  is  described  by  Conrad  ,ind  Poliak  (1950,  p.  107)  as  being  one  during  wbicli  the 
temperature  docs  not  fall  below*  43°P. 
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Pigure  1 10 

I'able  IV  shows  the  daces,  to  the  nearest  week,  ol  the  lirst  autumn  occurrence  in  1947  and 
the  last  spring  occurrence  in  1948  of  a  temperature  of  32°F  or  lower.  Figure  109  shows  differ¬ 
ent  stations  classified  as  to  approximate  length  of  frost-free  season  and  relative  frost  danger. 
The  map  is  based  partly  upon  data  gathered  during  this  study,  partly  upon  data  gathered  by  S.  H, 
Spurr  during  1944  and  1945  (Table  V),  and  partly  upon  the  long  record  at  the  Harvard  Forest 
Headquarters.  The  spring  and  autumn  minimum-temperature  ranks  for  each  station  were  con¬ 
sidered  also,  and  proved  useful  for  the  extreme  stations,  but  were  not  as  useful  for  intermedi¬ 
ate  stations  as  had  been  expected. 

In  Pigure  109  the  stations  are  divided  into  four  classes  according  to  whether  the  frost-free 
season  is  (l)  longer.  (2)  about  as  long,  (3)  shorter,  or  (4)  much  shorter  than  at  Harvard  Forest 
Headquarters.  Harvard  Forest  Headquarters  is  used  as  a  basis  for  comparison  because  of  the 
long  and  continuing  record  being  maintained  there,  and  because  the  conditions  there  are  repre¬ 
sentative  of  those  at  about  half  of  the  stations  at  which  frost  rcadir^s  were  taken.  It  will  be 
noted  that  some  large  portions  of  the  Harvard  F’orcst,  particularly  in  the  Prospect  Hill  Tract, 
have  a  longer  frost-free  season  than  that  at  the  Headquarters  station,  and  that  very  large  por¬ 
tions  of  the  Forest,  notably  in  the  Tom  Swamp  and  Slab  City  Tracts,  have  a  shorter,  or  much 
shorter,  frost-free  season. 

Fiourc  110  shows  a  scale  which  may  prove  useful  in  estimating  the  length  of  frost-free 
season  to  be  expected  in  various  portions  of  the  Forest  for  which  temperature  data  have  not 
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been  obtained.  Tltc  scale  intervalii  sre  liiCMainc  uh  ilioac  eiiiploy'cd  in  i'igui'c  IU9.  I'roin  t}i<t  map 
(Figure  109)  and  from  the  scale  (I'igiirc  IIO)uscd  logcilier,  it  is  (mssiblc  lo  rc.'ich  general  Con- 
clusionN  iis  to  tbe  length  of  the  frost- free  season  in  most  parts  of  Harvard  i‘urcsi.  1  lie  cHtimai- 
ing  scale  takes  only  the  most  important  factors  into  accciint.  Locally  certain  other  factoi's  may 
have  a  greater  influence.  It  will  be  seen  that  the  scale  is  incomplete.  Values  are  given  only 
for  points  for  which  data  are  at  hand,  and  the  .stations  providing  such  data  arc  indicated.  In  a 
few  cases  the  placement  of  a  station  in  a  particular  site  category  is  subjective  atui  may  be  ques¬ 
tioned.  The  blank  spaces  in  the  diagram  can  be  filled  in  approximeiely  by  logical  deduction. 

The  minimum-temperature  data  gathered  in  the  course  of  this  study  show  that  at  most  times 
when  conditions  favor  frost  in  this  general  region,  all  parts  of  Harvard  Forest  are  within  chc  in¬ 
version  layer  of  the  atmosphere.  It  should  be  noted,  therefore,  that  the  significant  local  differ¬ 
ences  in  length  of  the  frost-free  season  are  not  fhc  cxprc“Tion  of  a  normal  lapse  rate,  as  might 
be  inferred  from  comparison  with  mountain  regions,  but  just  the  op}>osite.  Consequently,  other 
factors  being  equal,  the  highest  places  lisvctlic  longest  frost-free  season,  and  the  lowest  places 
the  shortest.  The  other  factors,  however,  differ  considerably;  and  in  most  parts  of  hUrvard 
Forest  local  differences  in  such  factors  as  surface  configuration  and  vegetative  cover  arc  as 
important,  or  even  more  important,  than  differences  in  elevation  in  determining  the  length  of  the 
frost-free  season.  Spurr’s  data  (Table  V)  reveal  the  importance  of  forest  cover  in  determining 
local  differences  in  frost  probability.  (Compare  his  forested  stations  Nos,  2,  3,  nnd  4  with  a 
higher  slope  station  in  the  open,  No.  6.  The  o{>cn  sisiion,  in  1944,  had  a  frost-free  season  3  to 
5  weeks  shorter). 

An  isoline  map  purporting  to  show  the  length  of  the  frost-free  season  in  all  parts  of  Harvard 
Forest  would  give  an  unjustified  suggestion  of  reliability  (Conrad  and  Poliak,  1930,  p.  260),  and 
has  not  been  attempted,  despite  its  apparent  feasibility. 

In  preparing  a  map  and  an  estimating  scale  so  general  as  chose  presented,  it  docs  not  appear 
to  matter  that  conclusions  were  drawn  partly  from  data  gathered  at  the  end  of  one  growing  sea¬ 
son  and  partly  from  data  gathered  at  the  beginning  of  the  next  season.  Any  attempt  at  constructing 
more  precise  maps  and  scales  of  frost  expectancies  or  of  average  length  of  growing  season 
would  have  to  be  based  on  more  data.  The  first  killing  frost  of  1947,  for  example,  was  exception¬ 
ally  hard,  and  was  followed  in  four  days  by  another  even  harder  frost.  In  1944  and  1945  the 
first  killing  frosts  affected  only  the  low  hollows;  later  frosts  affected  the  hillsides  to  successive¬ 
ly  higher  levels.  A  sequence  of  increasingly  severe  frosts  in  autumn  and  dccreasingly  severe 
frosts  in  spring  is  usual  in  many  years,  and  is  what  the  farmer  expects  in  planning  his  harvest¬ 
ing  and  seeding  operations.  It  may  well  be,  however,  that  tiie  one  very  late  spring  frost  of  a 
decide  or  the  one  very  early  frost  in  autumn  might  affect  all  the  trees  in  a  young  forest  stand 
80  seriously  as  to  determine  in  large  measure  the  quality  of  the  timber  in  such  a  stand  a  half- 
century  or  more  later  (Hough,  1945,  p,  235-250),  Many  important  tree  species  at  Harvard  For¬ 
est,  however,  grow  as  well  in  sections  having  the  shortest  frost-frcc  season  as  in  sections 
where  the  season  is  longest.  This  is  true  of  the  centi’al  or  southern  hardwood  species  as  well 
as  of  the  northern  hardwoods  and  the  conifers. 

b,  Froat  Days. 

Table  VI  shows  the  nu-mber  of  days  each  month  on  which  the  minimum  temperature  fell  to 
32®F  or  lower.  During  spring  and  fall  —  the  critical  seasons  —  the  hill  stations  have  far  fewer 
frost  days  than  valley  stations  i  i  the  open.  Forested  valleys  arc  intermediate  in  the  range  be¬ 
tween.  Prospect  Hill  and  Harvard  Hill  had  no  frost  days  in  May,  Tom  Swamp  had  five  frost 
days  in  May  and  one  in  June,  During  cool,  dry  summers  Tom  Swamp  may  possibly  experience 
frost  in  July  or  August. 

c.  Ice  Days. 

Ice  Days  (Table  VII),  on  which  the  maximum  temperature  does  not  rise  above  freezing,  have 
a  different  distribution  pattern  from  that  of  frost  days,  in  that  they  are  more  frequent  at  liill 
stations  and  at  forested  valley  stations  than  at  valley  stations  in  the  open.  No  ice  day.s  occurred 
before  November  or  after  March  (during  the  period  of  this  study).  Even  in  the  very  late  fall  or 
very  early  spring,  however,  the  occurrence  of  an  ice  day  might  prove  to  be  critical  to  plant 
growth  on  ridges  and  in  the  deep  forest,  particularly  when  rain,  falling  from  warmer  upper 
air,  freezes  onto  the  cold  plants  to  form  glaze,  which  kills  the  leaves  or  buds  by  suffocation 
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TABI.Ii 

VI .  FROST  Days  pbr  mu^ttt 

(Winiinuiu  Tnnj>c 

ratiirc  12*1*  or 

lower) 

■'1  ? 

■4 

1947 

1948 

J 

:» 

A 

S  0 

N 

0 

J  F 

M 

A 

M 

J 

J 

Yearly 

T  Dial 

Ik.'vard  Forest  Hq. 

0 

6  3 

23 

30 

3  1  2V 

25 

15 

1 

0 

0 

I63 

Prospect  Hill 

31  29 

25 

1  3 

0 

0 

0 

Harvard  Mill 

0 

3  2 

22 

29 

31  28 

24 

14 

0 

0 

0 

153 

Torn  .^wanip 

0 

8  16 

24 

11 

31  28 

27 

20 

5 

1 

0 

191 

White  Pine  Bottoms 

1 1  29 

25 

10 

3 

0 

fj 

Hickory  Hill  Juitci. 

1 

Wildcai  Hill 

Shelf  Swamp 

1 

1 

Coach  Koad 

2 

South  lk>undary 

3 

Kiver  Meadow 

17 

5 

Tranaeci  Swale 

4 

TABL/i  VI i 

-  ICi;  DAYS  PER  MONTH 

(Maximum  T 

rc 

12*F  or  lower) 

1947 

194  8 

A 

S  0 

N 

D 

J  F 

M 

A 

M 

J 

J 

Y'early 

Total 

Harvard  Forest  Ikj. 

0 

()  l) 

1 

17 

24  17 

6 

0 

0 

0 

0 

65 

Prospect  Hill 

30  19 

8 

U 

0 

0 

0 

Harvard  Hill 

0 

0  0 

1 

16 

20  19 

5 

0 

0 

0 

0 

67 

Tom  Swamp 

0 

Ij  0 

0 

15 

25  19 

4 

0 

0 

0 

0 

63 

White  l^ine  Botioins 

28  I'J 

n 

fl 

0 

0 

0 

TABIJi 
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-  NUMBPK  01- 
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i2°»-'  AND  HEI.OW 

I'M  7 

1948 

A 

S  0 

N 

D 

J 

1’ 

M 

A 

M 

J 

J 

Prospect  Hill 

(623)  74 1 

592 

(391) 

1  10 

0 

0 

0 

Harvard  I’orcst  Hq , 

0 

7  10 

260 

(625)  735 

57  1 

390 

100 

9 

0 

0 

Harvard  Hill 

0 

15  5 

281 

010  725 

(587) 

371 

1  10 

0 

0 

0 

Tom  .Swiimp 

0 

64  81 

335 

.  020  717 

575 

4  04 

K9 

29 

2 

0 

White  Pine  Botioms 

(0  30)  7  3'> 

001 

430 

145 

20 

0 

0 

(  }  Baaed  partly  upon 

inter 

•polalioii 

if  not  l)y  freezing.  As  has  been  nientioncd  earlier,  the  lower  maximum  temperatures  at  the  high¬ 
est  elevations  are  largely  an  expression  of  the  usual  decrease  of  temperature  with  height. 

d.  Hours  per  Month  32 ”F  and  below. 

Prom  the  staiidpoint  of  the  growing  plant  a  most  iniportant  consideration  is  the  total  num. 
ber  of  hours  per  month  (and  for  the  whole  growing  season)  that  the  air  temperature  remains 
below  critical  minimum  limits  and  rises  above  certain  critical  maximum  limits.  In  this  study 
an  analysis  has  been  made,  from  ihcrmograpli  records,  of  the  number  of  hours  per  month  the 
temperature  remained  below  one  such  critical  limit,  J2°F.*The  results  are  presented  in  Table 
VlII.  From  this  cable  the  differences  between  loin  Swamp  and  the  other  stations  have  been  de¬ 
termined.  These  are  ehowngrapbically  inFigure  lll.lt  is  interesting  to  note  that  during  spring, 
summer,  and  autumn,  the  valley  stations  iiave  more  hours  below  freezing  than  the  hill  stations, 
but  that  in  winter  the  situation  is  reversed,  although  the  actual  differences  arc  not  very  large,. 

*  Other  pwssibly  more  critical  considcraiionti  arc  the  total  dcgrcc-hour.s  of  fi'oat  during  each  freeze,  the 
duration  of  the  individual  freeze,  and  (he  speed  with  winch  the  freeze  set.<  in. 
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DIFFERENCES  BETWEEN  TOM  SWAMP  AND  OTHER  STATIONS  IN 
NUMBER  OF  HOURS  PER  MONTH  32®F.  OR  LOWER 


1547  1948 

asondjfmamj  j 


Harvard  Hill . .  Prospect  Hill . 

Harvard  Forest  Hq. _ White  Pine  BottomSo 


Explanation!  Base  line  represents  Tom  Swamp.  Points  above  base  line 
represent  number  of  hours,32°F.or  lower,  fewer  than  at  Tom  Swamp. 
Points  below  base  line  indicate  number  of  hours  32  F.  or  lower, 
more  than  at  Tom  Swamp. 


I'sgure  I 1 
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rlk:  wuucr  reversal  is  CKplaiiied  by  ihc  fact  chat  in  winter  the  mimniuni  teinpcraiures  are 
everywhere  below  freezing  every  night,  and  donotgreaily  alter  the  totals  from  station  to  station. 
On  the  nights  when  die  greatest  inversions  develop,  cooling  is  very  rapid  early  m  the  night. 
Just  after  sunrise  the  ncut  morning,  t»ic  air  warms  up  again  at  an  even  more  -apid  rate,  except 
in  shaded  sjJois;  and  the  inver5ion  is  soon  eliminated.  'I'hu-s,  although  the  valleys  experience 
much  lower  temperatures,  their  cooling  |>criod  is  about  the  same  as  that  of  die  hills.  By  noon 
the  valleys  have  become  Mlighlly  warmer  than  the  ridge  tops,  and  then  remain  so  for  several 
hours.  Moreover,  on  some  days  the  maximums  in  the  valleys  rise  slightly  above  32®F',  while  on 
the  ridges  the  temperatures  remain  slightly  below  32''F.  It  is  these  higher  maximum  tempera¬ 
tures  that  cause  the  valley  stations  to  have  a  few  less  hours  below  32“F  than  the  hill  stations 
during  the  very  coldest  months.  In  comparison  to  the  rest  of  tho  year  this  is  a  negative  rela¬ 
tionship. 

In  Bngland,  Balchin  and  Pyc  (1950,  pp.  345-353^  concluded  that  higher  winter  niaximums 
in  the  valleys  may  account  for  the  earlier  budding  of  plant^i  there  than  on  hilltops.  A  few  weeks 
later  (when  the  relationships  as  to  freezing  temperatures  arc  reversed,  as  .shown  in  Figure  111) 
the  plants  on  hilltops  become  more  advanced  than  those  in  the  valleys,  apparently  because  they 
do  not  experience  the  low  temperatures,  during  inversions,  which  slow  the  development  of  the 
valley  plants.  The  ridges  have  “marine"  conditions,  with  spring  delayed  but  relatively  free  of 
severe  cold;  the  valleys,  by  contrast,  have  “continental"  conditions,  with  warm  days  coming 
sooner  in  spring  but  with  many  distinctly  colder  nights  also. 

From  an  analysis  of  the  figures  for  frost  days  and  ice  days  the  following  general  rule  can 
be  inferred:  "Differences  between  stations  in  hours  per  month  below  freezing  are  of  the  same 
sign  as  differences  in  the  number  of  frost  days,  except  in  January  and  February,  when  they  arc 
of  the  same  sign  as  differences  in  the  number  of  ice  days."  The  ratios,  however,  arc  not  the 
same.  More  briefly  and  simply,  one  can  say  that  valley  stations  in  the  open  have  more  hours 
below  freezing  than  valley  stations  in  the  forest,  or  than  hill  stations,  except  in  winter.  In 
winter  the  inter-atation  relationships  for  hours  below  freezing  are  quite  the  reverse  of  the 
winter  relationships  for  mean  monthly  temperatures,  and  arc  in  even  more  striking  contrast  to 
the  winter  relationships  for  mean  minimum  temperatures. 

It  is  not  unlikely  that  an  analysis  of  number  of  hours  per  month  above  a  vegetative  growth 
threshold,  such  as  43°/',  would  similarly  reveal  more  such  hours  for  the  valley  stations  in  the 
open  than  for  the  hill  stations  or  forest  stations,  for  a  month  or  two  in  spring,  and  again  in 
autumn,  despite  the  much  cooler  conditions  at  night  in  the  valleys.  In  summer,  however,  :  ie 
advantage  would  be  with  the  hill  stations.  Then  minimum  temperatures  on  the  hills  remain 
above  43°F,  while  chose  in  the  valleys  drop  much  lower,  ° 

Perhaps  of  equal,  and  at  times  of  greater,  importance  to  plant  growth  are  tlie  critical  soil 
temperatures  (Zon,  1941,  p.  496  ff).  Another  importancfactoi*,  probably  not  sufficiently  stressed 
in  the  past,  is  the  total  number  of  hours  per  season  the  plant  is  exposed  to  sunlight.  Hours  of 
exposure  to  sunlight  can  be  determined  approximately  by  careful  construction  (from  topographic 
maps)  of  skyline  profiles  from  NE,  by  way  of  S,  to  NW.  as  viewed  from  each  station  (Conrad 
and  Poliak.  1950,  pp.  150-151). 

e.  Summer  Days. 

Table  IX  shows  the  number  of  days  per  month  char  rnaximums  of  77°F  or  higlier  were 
recorded.  This  table  Indicates  that  open  concave  areas  (High  Swamp,  Tom  Swamp)  and  exposed 
slopes  with  stations  shut  in  but  not  canopied  by  dense  vegetation  (Harvard  Hill,  Northwest  Mid- 
slope).  all  have  considerably  more  summer  days,  an  compared  with  stations  on  open  hills 
(Prospect  Hill)  or  near  water  (Mill  Point),  or  in  dense,  canopied  forest  (White  Pine  Bottoms). 
Fewest  summer  days  are  recorded  in  woods  at  high  elevations,  where  shade  and  daytime  lapse 
rate  combine  to  hold  temperatures  down  (Little  Pro.spect  Hilltop,  Lower  Sprucc-Hardwood). 
These  exceptional  conditions  obtain  only  under  the  canopy  within  the  forest;  in  the  crown.s  of 
these  same  stands  temperatures  arc  undoubtedly  higher  (Geiger,  1950,  p.  328). 
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TAhl-li  IX  -  SUMWKR  DAYS  (Including  Tropical  DayaJ 
Ma  iiniun>  Tf‘V  or  Higher 


Harvest  Foresr  Hq. 
Prospect  Hill 
Harvard  Hill 
White  Pine  Bottoms 
Tom  Swamp 
Hickory  Hill  Jcc. 

Wildcat  Jet. 

Shelf  Swanip 

Coach  Road 

South  Eloundary 

River  Meadow 

Transect  Swale 

High  Swamp 

Town  Line  Swamp 

Locust  Opening 

Lake  Swamp 

Little  Prospect  Hilltop 

Northwest  Midslope 

Lower  Spruce-Hardwood 

Big  Spruce  Swamp 

East  Hill 

Fisher  Stand 

Stream  Crossing 

Fay  Lot' Terrace 
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1941 

Totals 

A  S 

0 

N 

D 

J 

F 

M 

A 

M 

J 

J 

ASO 

MJJ 

YK 

22  13 

6 

0 

0 

0 

0 

0 

0 

7 

12 

29 

41 

4M 

119 

0 

0 

0 

0 

4 

6 

2.' 

33 

26  15 

10 

0 

0 

0 

0 

0 

0 

6 

15 

29 
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50 
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21 

51 
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10 
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29 

23 

29 

29 

16 
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TABLE  X  -  TROPICAL  DAYS 


Maximum  8b 
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0 

N 
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J 

I- 

M  A 

M 

J 

,1 
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JJ 
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Harvard  Fore-^t  Hq.  7  1 

0 

0 

0 

0 

0 

0  0 

0 

2 

• 

8 

10 

18 

Prospect  Hill 

0 

0 

0  0 

0 

1 

1 

2 

Harvard  Hill  13  5 

0 

0 

0 

0 

0 

0  0 

0 

2 

5 

18 

7 

25 

Tom  Swamp  13  3 

1 

0 

0 

0 

0 

0  0 

0 

2 

3 

17 

5 

22 

White  Pine  Bottoms 

0 

0 

0  0 

0 

0 

0 

0 

High  Swamp 

3 

Town  Line  Swamp 

2 

Locust  Opening 

2 

Lake  Swamp 

i 

Little  Prospect  Hilltop 

0 

Northwest  Midslope 

3 

Lower  Spruce  Hardwood 

Big  Spruce  Swamp 

0 

3 

Hast  Hill 

12 

Fisher  Stand 

1 

Stream  Crossing 

10 

Fay  Lot  Terrace 

West  Boundary 

6 

1 

Mill  Point 

2 
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f.  Tropical  Dayw. 

Days  with  maximum  tcin|>c*raUirch  of  or  higher  arc*  hIiowii  in  Jablc  X.  On  cJiesc*  cx- 

ci'BHivcIy  hot  days,  especially  if  the  air  is  dry  rather  than  moist,  plant  growth  may  be  inhibited 
or  Ktopped.  .Such  dayw  are  few  at  Harvard  I'orcBt;  they  are  moHi  numerous  on  westward-facing 
nIo^mis  and  in  dead-air  |x>clcets  in  concave  areas  (Northwest  Klidslope,  liast  Hill,  Stream  Cioss- 

I’erhaps  of  greater  significance  than  number  ol  tropical  days  would  be  the  total  number  of 
degree  hours  above  certain  high  criiical  temperatures  for  plant  growth.  Visher  (l946a,  pp. 
148-349)  has  suggCHted  the  term  “hot  degree  day"  for  each  day  with  a  mean  temperature  one 
degree  or  more  above  70''P.  A  mctin  temperature  of  85®1‘  would  reprc.5ent  15  heat-degree 
units,  and  20  sucli  days  would  equal  300  beat-degree  units.  Such  a  measure,  though  desirable 
for  determining  air-conditioning  requirements,  may  not  be  highly  significant  for  determining 
inhibitions  to  plant  growth,  because  the  measurement  is  based  on  a  daily  mean.  Ihe  actual 
fact  of  a  temperature  having  exceeded  an  upper  limit  for  plant  growth,  such  as  the  SO®!* 
figure  for  tropical  days,  may  be  more  significant,  and  the  actual  duration  of  such  tropical 
periods  is  probably  still  more  so. 
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CHAPTER  V  -  CONCLUSIONS 

1.  Harvrd  Porcwi  »  Kepreagmattve  I*ti  of  4  Kct^ioiml  K1o»aic  uf  M>»y  Te mpciatuic-Tyfit 
Areas. 

The  findings  reveal  chat  Harvard  Forest  temperature  difference*  are  very  great  from 
place  to  place,  and  are  caused  by  numerous,  differing  factors.  It  follows  that  rolling-to-rough 
upland  regions,  such  as  the  one  of  which  Harvard  Forest  is  a  part,  must  be  studied  as  complex 
mosaics  composed  of  small  and  diverse  temperature  subregions.  Care  must  be  exercised, 
however,  to  avoid  the  conclusion,  often  mistakenly  reached  for  mountain  regions  also,  that  the 
least  severe  temperature  conditions  obtain  in  the  valleys,  in  the  high  parts  of  alpine-type 
mountains,  to  be  sure,  the  effect  of  great  differences  in  altitude  and  decreasing  mass  is  evi¬ 
denced  by  low  temperatures  and  strong  winds;  but  at  intermediate  elevations  are  the  so-called 
thermal  belts,  where  the  opposed  effects  of  lapse  rate  and  inversions  arc  more  frequently  in 
balance,  and  wi.ere  temperature  differences  consequently  arc  less  extreme.  (Pcattic,  1936, 
pp.  18 -23). 

At  Harvard  Foreot,  as  us  been  shown,  differences  in  topographic  form,  direction  of  expos¬ 
ure,  and  vegetative  cover  arc  all  more  important  than  elevation  in  determining  temperature 
differences;  nevertheless,  the  effect  of  elevation  by  day  and  of  topographic  form,  together  with 
elevation,  by  night  is  such  that  the  ridges  have  a  more  ntodcrate  climate  than  the  valleys. 
Because  the  air  can  move  almost  wit.hou;  hindrance  above  the  upland  surface,  the  ridgetops 
come  under  a  more  nearly  uniform  atmospheric  influence  than  the  valleys.  The  effect  of  the 
freely  moving  atmosphere  upon  the  ridgetops  is  similar  to  that  exerted  by  the  ocean  upon  the 
climate  of  the  land  at  its  margins,  Inai'>ense,  the  ridgetops  have  a  mild  type  of  climate  (Figures 
79  to  82).  The  valley*,  by  contrtst,  have  greater  extremes  and  have  more  severe  climates, 
Such  a  comparison,  however,  is  rclstive.  Despite  nouble  differences  from  place  to  place,  all 
parts  of  Harvard  Forest  came  within  the  broad  limits  of  the  Dfb  type  of  climate  by  the  Koeppen 
classification,  during  the  period  of  this  study.  Nevertheless,  the  local  complexities  of  relief 
are  sufficient  to  give  the  region  great  climatic  diversity. 

2.  Types  Repetitive  and  Findings  Applicable  Elaewhere. 

Within  Harvard  Forest  many  stations  with  like  site  factors  had  siniiJar  temperature  pat¬ 
terns,  even  though  the  stations  were  widely  separated.  It  would  appear  feasible,  therefore,  to 
make  a  comparative  analysis  for  a  region  similar  to  Harvard  Forest  in  topographic  diversity 
by  maintaining  a  relatively  small  network  of  stations,  each  situated  in  a  carefully  chosen  loca¬ 
tion,  with  some  locations  representative  of  the  most  contrasted  conditions  within  the  region, 
and  some  representative  of  the  most  typical  kinds  of  areas.  It  would  be  necessary  to  give  care¬ 
ful  consideration  to  local  landform,  land  -  water,  and  vegetation  relationships,  and  it  might  be 
desirable  so  to  locate  all  station.s  that  certain  of  these  relationships  would  be  the  same  at  all 
stations.  In  the  present  study  some  station  locations  were  chosen  for  such  comparability.  Other 
locations  were  chosen  to  provide  observations  for  as  wide  a  variety  of  conditions  as  possible. 

From  analysis  of  readings  obtained  it  should  be  possible,  by  application  of  “extreming  ” 
factors,  such  as  concavity,  and  of  “moderating"  factors,  .such  as  convexity  or  vegetative  cover, 
to  make  general  estimates  of  temperature  patterns  at  other  places  in  the  region,  including 
estimates  as  to  temperature  extremes,  frost  susceptibility,  growing-season  length,  soil  heating 
and  cooling,  snow  accumulation  and  nielting,  and  annual  temperature  regime.  As  Geiger  says 
(1950,  p.  260)  “Microclimatology  in  turn  now  makes  it  possible  to  draw  conclusions  as  to  mete¬ 
orological  conditions  at  one  place  by  a  study  of  known  conditions  at  a  neighl'>oring  place."  In 
addition  to  the  discussion  in  Chapter  I^/  of  such  applications  as  wei’e  made  for  places  witliin 
Harvard"  Forest,  it  might  be  mentioned  that  at  Silver  Lake,  N.  H.,  about  150  rnilcB  to  the  north¬ 
east,  in  a  topographic  situation  similar  in  most  respetts  to  that  of  the  Tom  Swamp  Station,  the 
winter's  minimum  temperature  was  the  same,  -31'’F.*  As  has  been  indicated  for  Harvard 
Forest,  the  inter- factoral  relationships  cliange  from  month  to  month,  and  care  must  be  used  to 
include  all  factors. 


“Reported  by  C.  F.  Brooks 
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it  Han  been  ncated  frequcmJy  tint  incaHurcinents  of  natural  condiiionb  affecting  a  growing 
plant  ahould  be  made  at  plant  height  (Geiger,  1950,  pp.  xvii-xviii;  and  Wolfe,  Wareham,  and 
Scofield,  1949,  pp.  10-11,  94-  104),  and  that  thcKc  nicatturemcntb  should  include  whole  series  of 
rncaourementn  at  all  heights,  from  deep  in  the  root  zone  of  the  soil  to  the  highest  part  of  the 
plant.  Moreover,  it  has  been  shown  that  the  temperature  relationships  differ  greatly  for  plants 
growing  singly  in  the  open,  as  cotnpared  to  plants  growing  in  groups.  Some  investigators  con¬ 
sider  measurements  near  the  ground  to  be  nreferabje  to  standard-heiglit  shelter  measurements 
for  analyzing  conditions  influencing  plant  growth,  particularly  during  critical  periods.  Obviously, 
ail  such  measurements  not  only  arc  desirable  but  arc  essential  in  any  detailed  microciimato- 
logical  study.  The  differing  records  of  the  three  instruments  at  Tom  Swainp^a  thermometer  at 
bush  height;  a  thermograph  on  the  shelter  floor:  and  another  thermometer  on  the  bracket,  higher 
up  in  the  shelter— give  ample  evidence  of  the  desirability  of  taking  readings  at  various  heights. 
At  the  same  time,  the  findings  in  the  present  study  indicate  that  reading.s  taken  at  standard 
shelter  height  have  value  in  bringing  out  much  of  the  diversity  of  local  temperature  patterns, 
and  also  emphasize  the  importance  of  considering  local  site  factors  in  choosing  locations  for 
climatic  srations  intended  to  lie  representative  of  a  considerable  area. 

From  standard-height  readings  it  is  jxissible  to  make  some  inferences  by  use  of  tables  as  to 
whether  the  temperature  would  lx:  higher  or  lower  near  the  ground  (Geiger,  1950,  pp.  71-75,  cit¬ 
ing  Kamdan  and  Katti,  19.14,  pp,  923-917;  also  Geiger,  1950,  p.  85,  citing  Steinhauser,  1935,  pp. 
439-443,  whose  conclusions  are  based  partly  ondata  presented  by  Johnson,  1929,  and  Best,  1935). 
Obvioualy,  actual  readings  would  be  preferable,  particulary  for  maximum  temperature.  Infer- 
cncea  aa  lo  vertical  gradients  of  minimum  temperat  at  night  arc  more  likely  to  be  useful, 
becauae  night  air  generally  is  more  stable.  Baum  (i  )  cites  evidence  to  show  that  the  day¬ 
time  and  nighttime  conditions,  although  contrasted,  do  not  offset  each  other.  He  states  that  the 
correction  factor  to  be  applied  to  means  of  standard-height  readings,  to  obtain  the  means  at 
lower  levels,  has  a  definite  seasonal  variation. 

The  chief  value  of  staiKiard-hcight  readings  is  to  make  possible  the  comparison  of  like 
places.  Hilltop  stations  are  readily  comparable  with  one  another.  Because  such  stations  are 
likely  to  fee)  the  effect  of  even  the  slightest  regional  wind,  temperature  gradients  from  shelter 
height  to  very  near  the  ground  are  small  or  absent.  Similarly,  stations  in  hollows  arc  com¬ 
parable  with  one  another,  although  in  such  places  it  must  be  expected  that  temperature  gradients 
will  be  steep  from  the  ground  to  shelter  height.  The  actual  amount  of  contrast  at  ground-level 
lictwccn  a  convex  surface  (hill)  station  and  a  concave-surface  (hollow)  .station  would  be  difficult 
if  not  impossible  to  determine  from  standard -height  tenipcrature  comparisons. 

Standard -height  temperature  readings  taken  in  an  open  area  give  a  useful  general  iiviication 
of  regional  temperatures  affecting  plant  growth  in  that  area.  By  contrast,  the  readings  taken  at 
standard. height  within  a  forest  reflect  the  modifying  influence  of  the  forest  itself  upon  the  climr- 
atc.  In  such  a  situation  it  could  be  inferred  that  during  the  leaf  season  suj^Miradiabatic  gradients 
would  be  slight  or  absent  during  the  day  and  that  the  temperature-inversion  gradient  from  the 
ground  to  shelter  height  would  also  be  slight  bccau.se  of  the  blanketing  effect  of  the  tree  canopy 
(Geiger,  1950,  pp,  313-314,  and  326-331).  Ihi.s  leads  to  the  conclusion  that,  as  the  vegetative 
cover  changes,  the  surface  climate  changes  also.  An  open  station  such  as  Burns  Bridge  would 
have  considerabTy  cooler  soil  by  day  in  summer  if  it  had  a  sprout  growth  cover  such  as  grows 
on  Northwest  Midslopc,  even  though  shelter-height  readings  would  be  somewhat  higher.  Night 
temperatures  of  the  soil  would  be  higher.  Twenty  years  later,  with  a  dense  stand  of  young 
trees  occupying  the  area  and  providing  not  only  a  blanket  in  the  canopy  but  a  dead  air  zone 
l>cncath,  temperature  gradients  from  shelter-height  toground  would  be  even  gentler  in  summer, 
though  not  so  greatly  influenced  in  winter.  In  a  mature  coniferous  stand,  with  a  succession  under¬ 
story  of  hardwoods,  the  moderating  influence  of  the  canopy  upon  soil  temperatures  would  be 
even  greater. 
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It  would  be  incorrect  to  aMHurnc  tbai  readings  at  Htandard-iieiglu  taken  at  huch  comratited 
stations  as  Burns  Bridge,  North».'cst  Midslopc,  and  White  Pine  liottotiis  would  be  in  the  same 
relationsl'’o  as  readings  taken  a  foot  from  the  ground  at  each  station.  Allowiince  must  l>e  made 
for  differences  in  topography  and  vegetative  Cover  licfore  approtiinations  can  l>e  inferred.  Never¬ 
theless,  one  can  ccicludc  that  foot-high  plants  atNorthwest  Midslope  would  experience  abundant 
warmth  by  day,  moderate  cold  at  night,  and  a  moderately  long  growing  sca.son;  at  Burns  Bridge 
similar  plants  would  cxf)crience  abundant  waritith  by  day,  severe  cold  at  niglit,  and  a  relatively 
short  growing  season;  and  at  White  Pine  liottoms  the  plant  would  receive  moderate  wartnth  but 
little  sunshine  by  day,  moderately  severe  cold  at  nigiit,  and  a  growing  season  which  would  be 
longer  than  at  Burns  Bridge  and  might  he  longer  or  shorter  than  at  Northwest  Midslopc,  de¬ 
pending  upon  whether  cooling  occurred  by  adveccion  of  cold  air  over  warm,  or  by  steady  heat 
loss  from  a  uniform  air  mass  already  lyifig  calm  over  the  whole  area. 

Although  such  conclusions,  reached  by  pi'ocesscs  of  logical  deduction  from  Htundard-licighi 
readings,  can  be  useful  in  a  general  way,  the  possibility  of  overlooking  one  or  another  imjx)rtant 
factor  is  obviously  great.  Precise  determinations  require  actual  readings. 

4.  Local  Differences  in  Diatributianof  Tree  Species  Partly  a  l-lcsponae  to  Differing  and  Cliang- 
ing  Local  Temperature  Regimes. 

The  present  forest-species  associatioiis  in  Harvard  I'orest,  although  diverse,  include  num. 
erous  stands  which  arc  more  or  less  directly  descended  from  and  similar  to  those  which  oc¬ 
cupied  the  same  respective  sites  in  the  pre-colonial  period,  The.se  stands  differ  considerably 
according  to  site  quality,  which,  here  as  elsewhere,  differs  greatly  according  to  geological 
history,  climatic  differences,  accidents  of  vegetational  succession,  and  other  factors  (Tourney 
and  Korstian,  1937,  pp.  63-74,  and  151-173;  Lutz  and  Chantllcr,  1942,  pp.  267-272),  h  is  gen¬ 
erally  accepted,  however,  that  during  some  climatic  periods  certain  species -associations  in¬ 
creased  their  areas  of  dominance  ai  the  expense  of  other  associations,  only  to  lose  ground  as 
climatic  conditions  changed  and  became  more  favorable  for  other  associations  (Deevey,  1939, 
p.  708;  Zeuner,  1946,  pp.  7  and  70). 

Ac  the  climate  changed,  however,  successive  generations  of  individual  species  made  gradual 
adjustment  to  such  changed  conditions  and  continued  to  flourish,  or  at  least  to  remain  as  sig¬ 
nificant  forest  elements,  under  conditions  which  might  have  eliminated  the  earliest  generations 
of  those  same  species  (Tourney  and  Korstian,  1937,  pp.  48-49).  Thus  many  species  today  have 
a  considerable  range  of  tolerance,  and  could  grow  to  maturity  on  many  different  kinds  of  sites 
at  Harvard  Forest  provided  all  competition  Irom  other  species  were  eliminated  by  intensive 
thinning  practices.  Actually,  however,  such  thinning  is  not  possible  economically,  and  probably 
undesirable  silviculturally.  In  the  naturnl  forest  now  establi.shing  itself  after  the  cutting  of  tlic 
old-field  pine,  individual  members  of  certain  species  sometimes  arc  found  in  most  unexpected 
places,  but  most  members  of  many  species  are  distributed  according  to  definitely  recognizable 
site  characteristics  or  combinations  of  characteristics  which  favor  certain  species  at  the 
expense  of  others. 

In  the  paragraphs  to  follow,  the  imf^iortant  timber  species  and  a  few  others  of  particular 
interest  are  discussed  individually,  with  some  indication  being  given  of  the  natural  Lictors  which 
specifically  favor  them. 

In  nature  thcBC  opecies  seldom  grow  in  pure  suinds;  rather,  tlicy  grow  in  lypc-asBociatioi'S, 
which  are  repetitive  and  generally  recognizable .  Despite  considerable  variation  in  proportionate 
representation  of  individual  species,  and  some  gradational  combinations  which  include  numerous 
species  of  more  than  one  type-association,  the  basic  combinations  are  few  in  number;  six  com¬ 
mon  associations  form  a  system  by  which  almost  all  natural  stands  in  Harvard  forest  can  be 
classified.  A  few  of  these  associations  have  so  many  common  elements  that  they  might  be  con¬ 
sidered  variants  of  one  association.  As  has  been  outlined  in  Chapter  II,  die  six  associations 
may  be  grouped  into  three  major  forest  groups;  a  northern  forest,  a  transition  fore.sf,  and  a 
central  or  southern  forest.  In  the  discus.sion  below,  the  individual  species  will  be  discus.sed  in 
order  according  to  the  forest  group  in  which  they  arc  mo.st  common,  in  later  discussion,  the 
natural  associations  of  these  species  will  be  emphasized,  particularly  as  they  reflect  the  in¬ 
fluence  of  temperature  differences  and  of  other  differi'-g  factors;  the  implication.s  of  an  asso¬ 
ciation-concept  of  silviculture,  as  distinguished  from  a  spec ie.s-conccpt,  also  will  be  considered. 
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•*  ^pccicw  of  the  Nortligrn  t^orem. 

(l)  Black  Spruce  and  Red  Spruce.  Tlx:  two  iargcHi  natural  «tands  of  spruce  at  Harvard 
ForcHt  are  in  tlie  Big  ?plruce  Swamp  of  the  Prospect  Hill  Tract  and  in  Tont  Swamp.  These  areas 
liavc  very  low  night  temperatures  and  a  relatively  short  growing  season .  The  night  minimums 
in  the  Tom  Swamp  stand  are  much  lower,  however,  than  those  in  the  Prospect  Hill  spruce  stand. 
Black  spruce  is  di.siinc  tly  a  northern  species,  with  a  southward  extension  in  the  Appalachian 
Highland.  It  has  a  vast  range,  chiefly  in  a  region  of  cool  climate  and  moist,  ill-drained  sites. 
It  may  be  that  it  is  concentrated  in  these  sites  not  so  much  because  it  requires  such  conditions, 
but  because  it  cannot  compete  with  other  species  on  warmer,  drier  or  richer  soils. 

Spruce  can  stand  more  cold  than  other  species,  yet  is  not  adversely  affected  by  excessive 
heat.  Ihisis'  piirtiallyeiplainablc  in  termsofits  branching  habit;  the  widespread  lower  branches 
shade  the  ground  so  tlioroughly  that  tlic  soil  and  the  water  in  the  soil  both  remain  cool.  The 
needle -type  leaves  miniiniz.c  moisture  evaporation  from  the  tree  into  the  hot  atmosphere. 

lividcnce  from  fossil  pollen  studies  and  buried  forest  l>cds  indicates  that  in  certain  periods 
when  the  climate  was  cooler  and  moistcr,  posuibly  because  of  closer  proximity  of  continental 
ice  sheets,  spruce  was  much  more  widespread  than  at  present  (Kaup,  1937,  p.  104;  Deevey, 
1939,  p.  714;  Transeau,  194  1,  p,  208:  Cain,  1944,  p.  127;  Potsger,  1946,  p.  234).  Its  present 
distribution  in  southern  New  Bngla  nd  suggests  a  last-stand  occupation  of  those  sites  that  have  a 
climate  generally  suitable  to  it,  together  with  a  cold,  wet  soil  which  offers  poor  conditions  for 
species  that  are  less  tolerant  of  excessive  water  (Wilde,  1946,  pp.  50-51), 

Hemlock.  Moderately  damp,  but  not  wet,  areas  suited  to  black  spruce  or  red  spruce 
are  suiiabL*  also  for  hemlock.  In  addition,  hemlock  grows  in  many  places  where  spruce  cannot 
compete.  AJthoygK  it  is  found  nearly  everywhere  in  the  Harvard  Forest,  it  flourishes  best  in 
areas  with  considerable  cool  weather  or  cool  ground.  Many  of  the  chief  stands  are  on  north 
slopes  or  in  deep  valleys  which  are  shaded  from  the  sun  for  a  good  part  of  each  day.  Here,  by 
its  relatively  greater  shade  tolerance  than  most  other  trees,  it  finally  gaina  a  dominant  or  at 
least  co-dominant  place  in  the  mature  forcstassociation.  Once  thus  established  it  keeps  the  day 
climate  near  the  ground  cooler,  and  keeps  the  soil  moist  also,  thereby  making  conditions  more 
favorable  for  its  own  continuance.  Many  other  sites  arc  favorable  for  hemlock,  but  hardwoods 
at  first  gain  dominance  on  them.  Some  hemlock  may  manage  to  come  through  to  large  size  in 
such  stands,  but  usually  this  happens  where  one  or  another  site  factor  is  somewhat  less  favor¬ 
able  for  hardwoods, 

(3)  Birch  Species.  Several  species  of  birch  arc  widespread  in  Harvard  Forest.  Some  of 
these,  like  gray  birch,  are  relatively  shortlived  and  tend  to  die  out  as  the  atarula  in  which  they 
are  growing  become  mature.  Two  species,  paper  birch  and  yellow  birch,  are  imporcant  as  a 
source  of  timber.  Black  birch  also  is  a  component  of  many  stands.  Paper  birch  establishes 
itself  readily  in  many  places,  and  if  not  shaded  too  much  will  form  good  stands  in  newly  estab¬ 
lished  forests.  In  older  forests  which  have  been  undisturbed  for  more  than  a  century,  the  paper 
birch  is  less  common,  except  on  exposed  slopes  which  receive  more  sunlight.  The  paper  birch 
is  widespread,  however,  both  through  the  northern  forest  and  the  transition  forest.  The  yellow 
birch  is  more  definitely  a  cool  climate  species.  It  is  most  common  in  swales,  or  in  cool,  moist 
sites,  where  it  is  associated  with  hemlock,  beech,  and  sugar  maple. 


in  northern-forest  stands. 


(5)  Beech.  In  its  many  subspecies  or  varieties,  beech  ranges  southward  to  the  Gulf  of  Mex¬ 
ico,  but  it  IS  considered  a  northern -forest tree.  AtHarvard  Forest  it  grows  chiefly  in  marginal 
locations  at  the  edges  of  low  concave  areas,  generally  near  the  bases  of  long  slopes,  in  places 
having  considerable  topographic  shade.  In  general  these  sires  arc  moist  but  well-drained,  and 
have  relatively  low  night  temperatures.  Because  tlie  beech  forms  a  heavy  canopy,  it  can  protect 
the  ground  beneath  its  branches  from  the  high  maximum  temperatures  characteristic  of  the 
pocket  lowlands.  Ihe  hotair  of  the  crown  rises  into  the  open  atmosphere.  Bcncatli  the  crown  a 
slight  ds  ytime  inversion  exists,  and  the  soil,  receiving  little  direct  sunliglit  during  the  leaf 
season  remains  quite  cool  (Kittrcdgc,  1948,  p.  60).  At  night,  conditions  change.  Cold  air  settles, 
and  although  the  tree  crowns  slow  the  settling  a  little,  the  air  and  ground  become  very  cool. 
Although  the  air-temperature  relationships  are  very  important,  it  is  probable  that  cool,  moist 
well-drained  soil  is  particularly  a  requirement  for  the  beerh  (Wilde,  1946,  p.  60;  Heimbcrger, 
1934,  pp.  36-37). 
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(6)  Other  Norcticrri-i'orcitt  SwcicH.  The  northern  forest,  as  dcfincil  for  New  England, 
includes  several  otlier  species  in  considerable  numbers.  Most  of  tliekc  are  equally  ntinicrous 
or  even  more  so  in  the  cransiiion-rorcst  assoc  iation.  however,  where  the  ttonhern-forest  species 
are  less  frequent.  Ihesc  species,  therefore,  arc  described  as  transitional,  even  tiiougii  they 
are  also  common  in  many  northern-forest  stands. 

b.  Species  of  the  New  England  Transition  l•orest. 

In  those  parts  of  Harvard  I'orest  wi>cre  night  temperatures  remain  noticeably  higher,  and 
where  the  northern-forest  species  are  few  in  numljcr  or  totally  absent,  the  numerous  so-called 
transition  species  arc  dominant.  As  has  been  said,  tiiesc  also  thrive  in  competition  with  the 
northern  species  in  all  but  the  coldcsr.,  most  shaded,  and  wettest  locations.  Hai  vard  Forest 
lies  in  or  near  the  center  of  the  area  ot  optimum  ctivironmental  conditions  for  many  of  these 
species.  It  is  not  iiiirpr ising,  therefore,  tiiat  some  of  these  species  appear  to  thrive  almost 
everywhere  in  the  forest.  Rather,  it  is  significant  that  I'tomc  parts  of  the  I'orest  have  climates 
or  soils  or  ground-water  conditions  definitely  unfavorable  to  tiie  transition  species,  which  are 
so  much  at  home  in  tliis  region. 

(l)  While  Although  frequently  classed  as  a  northern  .species,  the  white  pine  docs  best, 

*he  Harvard  Forest  area,  on  medium  soils  and  in  association  with  the  tran  tition  hardwoods 
and  central  hardwoods,  though  it  also  is  assoc  iated  with  hemlock,  a  dominantly  norihcrnsjiecics, 
on  some  sites. 

The  remarkable  increase  and  subsequent  decline  in  importance oi  while  pine  during  the  last 
century  has  been  described.  Under  normal  conditions  white  pine  is  generally  unsuccessful  in 
competition  with  hardwoods  on  better  soils  in  this  area  (Lutz  and  Cline,  1947,  p.  167),  On  many 
sites  of  medium  quality  it  has  a  somewhat  Icss-than-cvcn  chance  to  compete,  but  flourishes 
locally  under  careful  silvicultural  management.  On  lighter  sandy  loam  soils,  especially  on 
warm,  sunlit  sites,  it  flourishes  in  company  with  hemlock,  and  at  the  expense  of  hardwoods. 
On  deeply  shaded  sites,  however,  hemlock  achieves  dominance. 

Most  sites  in  Harvard  Forest  have  a  combination  of  natural  conditions  suitable  for  white 
pine,  as  is  amply  demonstrated  by  the  great  variety  of  sites  on  which  old-field  stands  of  white 
pine  once  flouriahed.  Considered  from  a  long-term  point  of  view  the  species  has  a  wide  range 
of  tolerance  and  adapubility  (Potsger,  1946,  pp.  217).  It  loses  out,  at  least  temporarily,  and 
often  for  long  periods,  on  many  of  the  more  fertile  sites  where  faster-growing  species,  even 
though  more  eaactir^,  can  overtop  it  and  become  dominant.  On  some  of  these  better  sites,  as 
on  many  more  of  the  poorer  sites,  white  pine  may  eventually  come  to  dominance  in  places, 
owing  to  the  fact  that  it  normally  lives  much  'gtr  than  most  other  species  common  in  this 
region  and  because  it  grows  taller  than  any  of  tK,..n.  In  the  course  of  a  normal  lifetime  of  white 
pine,  extending  over  a  century  and  a  half,  such  natural  accidents  as  windfall,  or  fire,  or  drought 
might  release  it  locally  from  competition  with  more  aggressive  neighbor  species.  Left  to  itself, 
white  pine  at  Harvard  Forest  would  probably  be  suppressed  for  long  periods  on  all  but  die  poor¬ 
est  sites.  Under  silvicultural  management,  however,  it  can  be  brought  through  profitably  on  many 
medium  and  iow  quality  sites  (Lutz  and  Cline,  1947,  pp.  171-175), 

(2)  Red  Maple.  The  red  maple  grows  well  in  ail  parts  of  the  Forest  where  soil  moisture 
is  abundant.  It  grows  particularly  well  in  wet  swales,  especially  those  which  become  less  wet 
or  even  dry  in  late  summer  and  autumn,  in  contrast  to  the  spruce  and  peat  areas  where  liit  water 
table  remains  high  all  year.  Even  in  such  coiitinou.sly  wet  places,  red  maple  is  repi  escnted, 
but  cannoc  easily  meet  the  competition  of  spruce  and  hemlock.  It  lias  been  .stated  frequently, 
and  Spurr  (1950,  pp.  87-90)  has  demonstrated  by  statistical  analysis  of  all  the  stands  in  Harvard 
Forent,  that  red  maple  and  red  oak  occur  in  inverse  proportion  to  e.ich  other  in  given  stands 
according  to  the  wetness  of  the  soil.  Red  maple  becomes  increasingly  dominant  and  red  oak 
decreasingly  so  on  the  wetter  soils.  Most  of  the  swale  red  maple  growing  in  untreated  stand.s 
consists  of  sprouts  growing  from  stumps.  This  "coppice"  growth  doco  not  yield  good  lumber, 
as  the  trunks  invariably  develop  heart  rot,  but  it  is  so  vigorous  that  it  .suppresses  othc-.  species 
almost  completely.  The  eventual  result  is  that  red  miiplc  composes  thrcc-fovirths  or  more  of  the 
stand;  which  as  a  whole  has  little  value  except  for  fuel. 

(3)  Red  Oak.  Perhaps  no  other  rimber  tree  species  is  showing  such  vigorous  growth  at 
Harvard  Forest,  at  least  in  the  firEt-.succcs.sioh  stands  following  the  old-field  white  pine  .stands, 
as  red  oak,  except  in.  deeply  shaded  areas  and  in  poorly  drained  area.s.  Although  red  oak  has  a 
wide  northern  range,  it  is  .sensitive  to  frost.  In  iow  open  ba.sin  areas  and  in  place, s  .such  as  those 
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wluch  Buffered  conKidcrable  luii  r.Ciine  daftiage  m  1-;J8.  or  uiDerwihc  had  tlic  proiecung  caiwpy 
(ipcncd,  conBidcrahic  front  damage  occui  h,  pariicularly  to  young  red  oak  and  white  ash  (Lutz  arid 
Chne,  19-47,  p.  103).  Because  of  its  rapid  growth  rate,  however,  red  oak  soon  becomes  donnnaiu 
m  many  places,  particularly  on  better-drained,  fertile  soils.  This  is  true  even  in  young  conifer¬ 
ous  stands  on  medium  quality  soils,  where  the  conifers,  bec.-iufie  of  their  Conic^il  shape  cannot 
lorm  a  high  canopy  to  shade  out  the  red  oak.  I  he  red  oak  soon  puslies  through  and  slowly  elim¬ 
inates  or  seriously  retards  the  conifers  except  where  they  form  very  dense  stands  (op.  cit., 
p.  111).  On  Brooks  Hill,  for  instance,  a  very  liealihy  white  pine  stand  is  being  overtopped  by- 
red  oak  in  many  places. 

(-4)  White  Ash.  The  white  ash  is  an  excellent  timber  species  and  grows  well  throughout  a 
wide  range  in  North  America.  It  grows  in  many  parts  of  Harvard  Boresr  but  is  most  common 
near  the  base  of  long  slopes  or  on  higher  slopes  where  the  water  table  is  high.  It  is  most 
common  on  sites  where  the  soil  is  always  moist  and  where  the  water  table  is  so  high  in  spring 
that  the  water,  in  places,  actually  runs  across  the  ground  surface.  'l  hi,s  is  the  case  at  the  heads 
and  sides  of  swales  which  in  their  lower  parts  may  be  too  wet  for  ash  and  are  there  dominated 
by  red  maple.  Mosi  of  the  better  sites  for  ash  are  on  die  slightly  higher  edges  of  basins,  where 
night  temperatures  are  low  but  not  extremely  so,  and  particularly  in  places  which  receive  much 
sunlight  in  the  course  of  cachday.  White  ash,  like  red  oak,  is  sensitive  to  frost  when  young,  and 
requires  a  protective  overstory  to  get  a  stror^  start. 

(^)  Birch.  This  species  is  abundant  in  the  transition  hardwood  and  central -hardwood 

forests.  It  is  most  common  on  sites  thatarcwcli  to  moderately  drained,  though  it  is  occasional 
on  poorly  drained  sites. 

Transition-Forest  Species.  Several  other  species  are  common  in  the  transition 
forests  of  New  England,  although  they  generally  compose  only  minor  portions  of  stands.  In 
some  places,  however,  they  are  more  numerous.  Among  such  species  are  elm  (chiefly  near 
water-courses),  black  cherry,  large-tooth  aspen,  and,  on  more  favored  sites,  the  central-hard¬ 
wood  species,  discussed  below. 

c.  Species  of  the  Central  Hardwood  Forest. 

This  forest  is  often  called  the  oak-hickory  forest  because  various  species  of  oak  and  hick¬ 
ory  form  such  important  elements  of  it-  Several  other  species  are  numerous  in  this  forest, 
however,  including  moat  of  those  already  described  as  members  of  ihe  transition  forest.  The 
species  here  described  as  central  hardwoods  are  those  which,  although  intermixed  in  many 

places  with  '.ne  members  of  the  transition  forest,  arc  generally  most  common  on  the  warmer 
sites. 

CO  White  Oak.  The  white  oak  has  a  wider  range  than  the  white  ash,  and  might  well  be  con¬ 
sidered  a  transition  species.  Apparently  it  thrives  best  on  lighter  soils  on  warm  sites,  in 
contrast  to -white  ash  which  does  best  on  moist  sites. 

On  sunny  slopes,  with  open  growth,  and  less  competition  from  species  requiring  richer 
soils,  white  oak  does  particularly  well.  Hickory  is  commonly  intermixed  with  white  oak  in 
such  places. 

(2)  Black  Oak.  The  black  oak  is  a  cemmon  associate  of  white  oak  on  warm,  dry,  soudi- 
facing  .slopes,  where  the  soils  are  very  well  to  excessively  drained.  It  is  a  characteristic 
species  in  the  central  haidwood  forest. 

(3)  Shagbark  Hickory.  1  wo  hickory  .species  arc  represented-.at  Harvard  Porest;  pignut 
and  shagbark.  Only  shagbark  hickory,  wliich  forms  the  most  numerous  stands,  is  discus.scd 
icre,  Shagbark  hickory  is  widely  distributed  in  North  America,  but  licre,  near  the  northern 
limits  of  its  range,  it  is  mo.st  common  on  the  warm,  sunny  slopes,  chiefly  those  facing  south 
and  southwest.  Some  of  the  best  hickory  grows  at  low  points  on  such  slopes,  where  nights  are 
as  severely  cold  as  anywhere  in  the  forest.  The  days,  however,  are  unusually  warm,  and  the 
soil  -  because  the  slope.s  rer sive •  r.he  gv.n'a  rays  at  a  bigb  angle  of  incidence  — is  exceptionally 
warm.  The  budding  habit  and  bud  form  of  hickory  render  it  relatively  immune  to  late  spring 
frosts.  On  the  warm  .spring  days  the  buds  lengthen  rapidly,  telescope  fashion,  within  a  frost¬ 
proof  coat,  unaffected  by  the  severe  night  temperatures  which  do  sucli  damage  to  red  oak  and 
white  ash.  Later,  they  burst  fon.h,  when  frost  danger  is  past  or  at  a  minimum,  and  the  tree 
soon  leafs  out  to  form  a  heavy  canopy,  ii  is  characteristic  lor  hickory  stands  to  be  quite  open. 
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with  a  graHwy  ficior.  In  part  thia  in  becaiiMC  of  the  growth  form  and  hahit  of  the  trer  ilNcIf. 
Hickory  rapidly  develop*  a  long  taproot  which  can  draw  Hulficieiit  moi»ture  frotn  the  aub.Moil 
to  NUHtain  vigorouK  growth,  while  aha  How- rooted  apeciea  find  in*ufficieni  water  in  the  up(>cr 
Hoil  and  are  easily  diaplaced  by  graNHCH.  AUo.  hickory  is  diataitieful  to  hrowaiiig  animala,  and 
so,  in  paHtured  woodland  it  frequently  maintaina  itself  white  other  apeciea  are  destroyed  (Chey- 
ncy,  1942,  pp.  293-294). 

In  the  Slab  City  Tract  of  Harvard  Poreat  the  hickory  i a  on  the  dry,  aouth-facii^.  sunny 
slopes  north  of  the  Swift  River.  Aciosa  the  river  from  it,  on  cool,  moist,  shaded,  north-facir^ 
slopes,  the  dominant  species  include  hemlock,  yellow  birch,  and  larech.  Hickory  in  absent. 
In  the  Tom  Swamp  Tract,  hickory  grows  on  the  west-facing  slopes,  to  their  bases,  while  beech 
is  more  common  at  the  base  of  east-  and  north -facing  slopes. 

A  few  scattered  specimens  of  hickory  grow  in  lean  favored  places,  This  siiggcsia  the  grad¬ 
ual  development  of  hardier  strains  as  the  cliniatc,  once  drier  and  warmer,  bcccmc  cooler  and 
wetter.  During  the  warm -dry  period  often  referred  toaatlic  postglacial  optimum,  oak,  hickory, 
and  chestnut  probably  were  much  more  numerous  in  this  region  than  at  present  (Braun,  1938, 
pp.  515-522;  Scars,  1948,  pp.  177-185). 

(4)  Basswood.  The  American  linden,  or  basswood,  is  not  conunon  st  Harvard  I'orcst, 
although  many  sites  are  favorable  for  it.  It  giows  corninDnly  in  proximity  to  hickory,  as  well 
as  in  stands  of  mixed  transition  and  northern  hardwoods,  in  many  places  basswood  is  growing 
as  a  sprout  in  recently  cut  areas,  and  in  a  few  areas  some  basswood  may  be  brought  through  to 
form  part  of  a  timber  crop. 

(5)  Black  Gum,  The  black  gum  trees  growing  at  H,iryard  Porcst  arc  few  in  number,  and  arc 
scattered  throughout  one  single  area.  Plack  gum  is  distinctly  a  southern  species  which  docs 
best  where  the  growing  season  is  long  and  warm  (Wilde,  1946,  p.  60  ff.)  and  is  here  near  the 
extreme  northern  limit  of  its  range.  In  the  Big  Spruce  Swamp,  at  an  elevation  of  1100  feet,  it 
finds  hot  days  and  abundant  moisture.  The  nights  in  this  part  of  the  Prospect  Hill  Tract  arc 
cold,  but  are  not  so  excessively  cold  as  in  the  low  parts  of  the  Tom  Swamp  Tract,  where  black 
gum  does  not  grow.  The  Big  Spruce  Swamp  is  unusual  in  that  it  lies  in  a  shallow  saddle  from 
which  streams  drain  both  to  the  west  and  east.  It  is  possible  that  the  peat  accumulation  in  this 
swamp  is  not  exceptionally  thick,  and  that  the  roots  of  8p>ecies  sncIi  as  the  gum  penetrate  to 
underlying  glaciofluvial  deposits.  One  might  suppose  chat  black  gum  had  been  more  abundant 
here  on  the  moist  soil  during  a  warmer  period  when  hickory  was  flourishing  on  drier  sites,  and 
that  the  peat  accumulation,  begun  during  an  earlici  period  or  periods  of  periglacial  climate, 
iiad  slowed  or  halted  at  that  time,  to  be  resumed  later  as  the  climate  entered  a  cooler  cycle. 
Black  gum  apparently  is  a  minor  but  certain-to-be -present  species  througlioui  much  of  the 
central  hardwood  forest  (Che yncy,  1942,  p,  332).  Its  rentarkable  range  of  tolerance  and  hard¬ 
iness  is  evident  here  where  irgrows  intermixed  with  upecie.s  of  the  northern  forest.  Its  presence 
in  the  Dig  Spruce  Swamp  possibly  gives  additional  evidence  chat  rite  prcseiu  climatic  period  i.s  a 
warming  one,  in  which  central  hardwood  species  such  as  hickory  might  again  flourish  on  the 
uplands,  as  they  did  in  the  late  pre-colonial  period  during  a  similarly  warm  period. 

5.  Distribution  of  Major  Forest  Types  or  Associaciona  in  Relation. to  Natural  {"actors. 

Tlie  discussion  in  the  preceding  section  has  indicated  chiefly  the  notable  differences  in 
shade  tolerance,  temperature -hardiness,  and  growth  habits  of  selected  individual  species.  It  luis 
emphasized  the  fact  that  many  natural  factors  influence  the  growing  tree,  and  that  temperature 
is  only  one  of  those  factors,  thougli  a  very  important  one.  T(ic  influence  of  different  species 
upon  each  other  is  also  a  factor  of  great  importance.  Tl-.ia  influence  in  some  situations  is  com¬ 
petitive,  as  when  red  oak  spreads  out  a  wide  canopy  to  rob  slower-growing  species  of  sunlight 
and  heat.  In  other  situations  the  relationship  is  co-operative,  as  when  fast-growing  but  short 
lived  forest  “weed"  species  such  as  gray  birchand  pin  cherry  (frequently  the  first  occupant.s  of 
an  opened^area)  provide  frost  protection  for  more  sensitive  species  such  as  white  a.sh.  Later 
the  situation  becomes  competitive,  and  the  sensitive  species,  though  having  grown  slowly  at 
first,  eventually  replace  the  shortlived  species  (Cheyney,  1942,  pp.  5C-67  ).  Because  tlic  various, 
tree  species  differ  in  their  life  span,  they  compose  varying  proportions  of  stands  at  different 
®  times.  Some  arc  fast-growing,  and  for  tlicm  for  a  time  all  else  must  stand  aside.  Others  grow 
slowly,  and  at  first  or  for  long  periods  they  I'Cmain  subordinate  to  other  species,  then  incrca.se 
in  importance  when  the  fast-growing  species  die. 
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Sonic  specie*,  t^tou^h  few  in  number,  arc  ever-prci»cnt,  and  lend  a  diatinctive  character  to 
the  pattern  aa  a  irttolc.  Ihc  very  aanie  apeciea,  however,  w^ten  preaent  in  difrering  proportiona, 
give  a  very  differeni  pattern. 

ill  New  Hngland.  aa  eiaewhere,  plant  geugraphera  and  roreaiera  find  it  difficult  to  reach 
agreement  aa  to  die  number  ofdialirict  foreatpatlerna  to  l>e  recognized.  Varioua  claakificationa 
propobcd  differ  conaidcrabJy  in  detail,  though  eachgivcaa  generally  uaeful  underatanding  of  the 
diverae  kinda  of  foreata  in  the  region. 

i3ach  auch  cla.aaification  givea  recognition  lo  one  or  more  of  the  important  natural  factors 
which  condition  foreat-apecieataaociationa.  It  ia  worth  noting  at  tliia  point,  however,  that  differ¬ 
ing  namea  are  given  to  the  main  forest  regions  or  fomiationa  and  to  their  component  types  or 
aaaociaiiona .  by  varioua  auihoritiea,  and  that  the  baaca  for  diarinccion  differ  in  detail  even  where 
there  ia  general  agreement  along  broad  linea.  Moreover,  they  may  appear  to  be  quite  different 
becauae  of  the  diaaimiliir  namea  applied  ro  them.  For  example,  the  Canadian  foresters  and 
climatologiata; recognize  a  Great  Lakes '>6t.  Lawrence  Forest  aa  a  southern  tranaition  zone 
between  the  true  boreal  or  northern  forest,  consisting  chiefly  of  conifers,  and  the  great  hard¬ 
wood  forests  of  eastern  United  States  (Halliday,  1938,  pp.  1055  ff.;  Villeneuve,  1946,  pp.  72-76; 
Hare,  1950,  pp.  616-618),  Foresters  in  eastern  United  States  consider  this  same  “transition** 
zone  to  include  two  elements;  (l)  i  northern  element  which  is  considered  to  be  a  distinct  forest 
formation  or  region  and  comprises  the  northern  hardwoodc,  with  hemlock;  and  (2)  a  southern 
element  or  transition  forest,  including  some  or.all  of  the  above,  plus  numerous  so-called  tran- 
sition-hardnood  species  which  have  optimum  growth  in  this  zone.  This  errnsition  zone  also 
includes  the  more  hardy  species  of  the  central  hardwood  foreat  which  lies  to  the  south.  The 
distinction  between  these  northern  and  transition  forests  in  New  England  is  based  largely  on 
the  hardwoods.  White  pine  is  sometimes  grouped  with  the  northern  forest,  is  sometimes  given 
independent  status,  and  is  sometimes  groufied  with  the  transition  forest.  Like  several  other 
species,  it  never  quite  fits  into  the  logical  pattern  of  any  classification.  Obviously,  with  each 
species  having  different  growth  habits,  limits  of  tolerance,  and  range,  any  grouping  into  types 
and  formations  must  involve  compromises  and  exceptions.  This  merely  illustrates  once  again 
the  difficulties  anc!  chortcomings  inherent  in  almost  all  systems  of  regional izstion  (Hartshorne, 
1939,  pp.  472-481,  498-500). 

Perhaps  no  classifications  arc  more  generally  useful  than  those  that  simply  describe  the 
major  contrasting  patterns  and  associations  that  arc  sufficiently  widespread  and  repetitive 
to  be  recognizable  and  describabJc,  and  which  in  many  places  appear  to  have  some  degree  of 
local  relationship  or  adjustment  to  combined  topographic  and  climatic  factors.  The  system 
employed  in  the  discussion  which  follows  is  essentially  of  this  type,  and  is  substantially  the 
same  as  that  in  common  use  at  Harvard  Forest  (Spaeth,  1920,  pp.  8-10;  Fisher,  1933,  pp.  213, 
223;  McKinnon,  Hyde  and  Cline,  1935,  pp.  1-18;  Kaup  and  Carlson,  1941,  pp.  56-60;  Lutz  and 
Cline,  1947',  pp.  15-21).  The  terminology  is  the  same  as  that  already  employed  in  describing 
individual  species  in  Section  4,  above. 

a.  Northern-Forest  Types  or  Associations. 

(l)  Northern  Swamp-Forest. Type.  This  is  the  typical  spruce-tamarack  swamp  common  on 
the  numerous,  and  in  places  extensive,  areas  of  poorly  drained  Jands  of  the  North.  Its  purest 
composition  is  in  the  lowlands,  where  the  night  temperatures  are  lowest.  Tom  Swamp  is  the 
best  example  of  this  type  at  Harvard  Forest.  The  spruce  forest  there  represents  an  outlier  of 
the  true  boreal  forest  of  Canada,  and  is  the  most  truly  “northern*  forest  type  represented  at 
Harvard  Forest.  Although  black  spruce  and  tamarack  are  the  most  common  species,  as  is  true 
farther  north,  other  species  are  locally  important.  Hemlock  is  abundant  in  some  less  wet 
places;  and  red  maple- is  common  as  a  minor  dement,  Trees  arc  few  or  absent  in  many  parts 
of  the  swampi  and  a  bushy  formation  consisrir^  largely  of  northern- shrub  species,  such  as 
I.abrador  tea  and  leather  leaf,  with  an  understory  of  sphagnum,  is  characteristic. 

Upland  spruce-swamp  forests,  by  contrast,  have  less  severe  night  temperature  conditions 
and  generally  have  a  greater  variety  of  species,  including  red  spruce,  hemlock,  and  such  north¬ 
ern  and  transition  hardwoods  as  arc  water-tolerant.  This  type  has  a  large  proportion  of  hard¬ 
wood  dominants  if  drainage  is  rather  better  and  a  large  proportion  of  spruce  if  drainage  is 
poorer,  or  if  the  acidic  peat  soils  are  deep.  The  Big  Spruce  Swamp  includes  both  kinds  of 
groupings,  together  with  black  gum,  whose  presence  may  indicate  more  complex  succcssional 
history  or  a  present  trend  toward  a  milder  climate,  oi  Ixjth.  In  die  Big  Spruce  Swamp,  some 
of  the  more  northern  and  the  most  southern  of  tlie  speeic.s  represented  at  Harvard  Forest  grow 
side  by  side. 
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(2)  Northern  K^Ked  Hardwood  -  Uvcrgreen  ^•o^c^<t  Type.  In  tiuH  type  the  »iuijof  hurdwootl 
species  ore  yellow  birch,  beech,  sugar  or  hert^  maple,  *tid  psper  birch.  The  chief  evergreen,  or 
softwood  species  are  hemlock  and,  less  commonly,  white  pine.  Numerous  transition-hardwood 
species  are  minor  elements  in  varying  proportions,  and  in  some  places  the  admixture  of  these 
is  very  great.  The  usual  sites  for  this  forest  are  cool  and  moist  yet  well  drained,  and  the  type 
becomes  increasingly  dominsnr  northward  in  New  England.  On  low  slopes  near  swale  edges  but 
sunlit  at  least  part  of  e»ch  day,  yellow  birch  and  hard  maple  may  dominate.  In  very  cool,  shady 
places,  but  not  limited  to  such  sites,  hemlock  is  more  common  and  locally  forms  almout  pur  e 
stands,  the  so-called  ravine-forest  type.  A  large  part  of  the  Slab  Ciiy  Tract  south  of  Swift  Kiver 
is  of  this  type.  Locally,  on  sunnier  sites,  pviper  btrch  is  more  common  and  may  form  aioiosr 
pure  stands  where  temporary  conditions,  previously  discussed,  are  favorable.  Within  parts  of 
the  northern -hardwood  forest  which  have  been  undisturbed  by  man  for  long  periods,  white  pine 
is  also  a  prominent  species,  particularly  where  soils  are  lighter,  or  where  unusual  occurrences 
in  nature  have  favored  it  at  the  expense  of  more  vigorous  sjiccies.  Such  white  pine  areas  arc 
rare  at  Harvard  Forest,  except  in  low-lying  places  with  low  night  temprratres.  The  original 
pine-hemlock  forest  on  the  Fay  Lot  may  have  been  of  this  type,  with  northern  hardwood  associ¬ 
ates  (Marshall,  1927,  p.  9),  but  at  present  the  hardwoods  growing  there  with  pine  are  those 
common  to  the  transition  and  central  forest  (Lutz  and  Cline,  1947,  p.  151), 

b.  Trenaition-Forest  Types. 

The  term  transition  forest  is  used  here  in  the  New  Hnglsnd  sense.  ITiis  transition  forest, 
in  its  various  forms,  occupies  a  major  part  of  the  Harvard  Forest.  Several  definite  associations 
distinctly  recognizable  within  the  transition  forest  in  central  New  England  each  occupy  so  much 
area  locally  as  to  merit  individual  discussion.  Certain  temporary  types,  such  as  die  even-aged 
old-field  white  pine  type,  and  the  gray  birch  -  pin  cherry  volunteer  growth  on  cutover,  burned 
over,  or  blowdown  areas,  are  not  discussed.  The  emphasis  is  placed,  rather  on  describing 
associationa  which  the  forester  will  seek  to  develop  as  semi-permanent  types. 

(0  C^neral  Hardwood-Dominant  Type.  The  usual  transition  hardwood  forest  includes  a  great 
variety  of  species,  eack  in  varying  proportions  according  to  differing  aite  quality  and  to  chance 
accidents  in  aucceaaional  history.  The  most  common  species  are  red  oak,  red  maple,  black 
birch,  and  white  aah,  with  additional  minor  species  locally  numerous.  These  include  white  oak, 
basswood,  elm,  and  all  the  northern- forest  species.  As  has  been  noted,  red  oak  is  an  aggres¬ 
sive  dominant  on  moderately  dry  sices,  and  red  maple  cakes  control  on  moist  sites.  This  situa¬ 
tion  would  not  necessarily  continue  unchanged  even  in  nature,  arid  can  be  modified  somewhat 
by  careful  silviculture  to  favor  the  beat  timber  species.  Large  areas  of  Harvard  Forest  might 
ultimately  be  developed  into  hardwood-dominant  stands,  in  which,  however,  species  dominance 
will  be  varied  from  place  to  place  in  accordance  with  local  differences  in  such  site  factors  as 
elevation,  slof^,  direction  of  exposure,  soil  type,  ground  water,  land  -  water  relationships,  and 
current  stage  of  vegetational  succession.  As  has  been  seen,  greatly  contrasted  sites  lie  in  close 
proximity. 

(2)  Swale -Hardwood  Type.  In  moi.st  swales,  and  on  moist  terraces-  where  days  are  warm 
and  nights  comparatively  cool  for  the  region,  and  where  the  water  supply  is  abundant  much  of 
the  year,  but  not  stagnant,  white  ash  is  a  particularly  abundant  species,  so  much  so  as  to  form 
a  distinct  variant.  The  swales  are  very  similar  to  many  northcrn-forc.st  sites;  and  sonic  of  the 
northern  hardwoods,  notably  yellow  birch,  are  common  along  the  lower  ma rgi ns  and  on  the 
swale  floors  where  night  temperatures  are  lower  or  where  bhade  is  deeper.  The  Fisher  Stand 
is  a  good  example  of  a  swale-margin  type. 

Where  these  swale  forests  have  been  cut  repeatedly  without  receiving  silvicultural  man¬ 
agement  they  consist  chiefly  of  red  maple  stump  sprouts  (coppice).  This  is  particularly  true 
in  the  lowest  parts  of  swales,  in  many  of  which  water  stands  for  long  periods.  Many  such  wet 
areas  r.re  natural  in  origin.  Others  are  a  result  or  man  having  dammed,  streams  for  water¬ 
power.  The  sluice  gates  have  long  since  rotted  away,  but  the  earth  dams  remain  and  hold  back 
some  water  at  flood  seasons;  or  at  least  the  silt  beds  of  the  old  ponds  remain  and  provide  a  moist 
and  fertile  site.  In  the  ewaJc  south  of  Stream  Croosing  station,  for  example,  red  maple  is 
strongly  dominant.  The  lower  parts  of  Fown  Line  Swamp  also  have  considerable  swamp  red 
maple.  In  many  such  swamps,  however,  the  original  forest  must  have  been  a  mixture  wliich  in¬ 
cluded  many  better  species.  In  contrast  to  the  swale  edges  with  better  water  and  air  drainage, 
however,  the  swamp  floors  arc  much  colder  (at  night),  and  northern  species  Can  be  encouraged. 


Soil  drainage  in  many  inatancen  can  Ik:  improved,  or  ii>  actually  aufriciently  good  to  permit 
nilvicultural  erndicatiori  of  inferior  maple  atuinp  sproutN  and  to  liatitcn  re-eatabliKhment  of  a 
mixed  forent,  including  white  aah,  elm,  and  yellow  birch,  together  with  red  maple  of  seed  origin 
(op,  cit.  p.  175-  I7h). 

(3)  livergreen-Dominant  Type.  Juat  aa  the  dramatic  occupation  of  abandoned  old  ficlda  by 
white  pine  obacured  the  fact  that  mo*^(«uch fields  had  originally  supported  hardwood  foreata,  so 
the  prcMcni  re-occupation  of  the  cutover  areas  by  hardwoods  leads  coo  easily  to  the  conclusion 
that  such  lands  are  exclusively  hardwood  lands.  Such  a  conclusion  gains  apparent  additional 
support  from  the  fact  that  the  understory  in  most  mature  old. field  pine  stands  consists  chiefly 
of  hardwoods.  Temperature  conditions  obviously  are  suitable  for  either  hardwoods  or  white 
pine,- as  the  succesaion  within  the  last  hundred  years  has  shown.  Silvicultural  experimentation 
at  Harvard  Forest  durir^  the  thirty  yesrs  preceding  the  disastrous  hurricane  of  19311  brought 
forth  abundant  evidence  that  on  many  sites  atHarvard  Forest,  particularly  on  the  heavier  soils, 
hardwoods  can  and  do  prosper  at  this  time  to  the  almost  complete  exclusion  of  white  pine.  On 
aome  sites  with  light  soils,  such  as  Fay  Lot  I'crracc,  however,  white  pine  and  hemlock,  with 
only  4  minor  representation  of  hardwoods,  appear  to  be  the  natural  long-term  forest  type,  under 
present  conditions.  The  relationship  appears  to  be  chiefly  to  soil  and  only  secondarily  to  tem¬ 
perature;  and  the  conclusion  is  hard  to  escape  that  other  parts  of  Harvard  Forest  now  supporting 
hardwood  growth  almost  exclusively  might  possibly  include  numerous  local  sites  equally  suited 
to  while  pine.  Lutz  and  Cline  (l947,  pp.  107-142,  and  17 1  - 173)  emphanize  that  white  pine  can 
be  matured  successfully  in  a  group-wise  distribution  among  hardwoods  on  many  sites  with 
medium  soils.  On  such  sites  the  hardwoods  do  ix)t  find  sufficient  nourishment  for  the  relatively 
rapid  growth  they  experience  on  heavier,  more  fertile  soils  where  white  pine  cannot  compete- 

Sandy  outwash  terraces,  which  are  so  common  in  New  England  and  which  have  extensive 
areas  of  light  soil,  compose  only  a  small  part  of  Harvard  Forest,  notably  along  the  t^dges  of  the 
Riceville  Pond— Tom  Swa  mp>-  Harvard  Pond  valley  and  some  parts  of  the  Swift  River  valley. 
It  should  be  noted  that  elsewhere  in  New  England  the  outwash  soils  are  so  very  poor  in  places 
that  pitch  |‘•ne,  rather  than  white  pine  or  hemlock,  is  most  common.  On  the  outwash  terraces  at 
Harvard  f  orest,  by  contrast,  the  young  growth  after  cutting  is  of  hardwood,  in  many  places.  As 
the  years  pass,  however,  white  pine  increases  markedly  on  the  lighter,  sandy  loam  soils. 

c.  Central-Forest  Type. 

Only  one  central-forest  type  is  represented  at  Harvard  Forest  -  the  oak-hickory  (and 
formerly  chestnut),  most  common  on  south,  southwest,  and  west  slopes  of  warm  aspect.  The 
temperatures  and  other  factors  favoring  oak  and  hickory  have  been  diecussed  in  Section  4, 
together  with  nxcniion  of  the  earlier  dominance  of  oak-hickory  forests  during  the  so-called 
postglacial  optimum.  Where  these  species  attain  dominance  they  eventually  form  an  open  forest. 
l3orchert  (1950,  pp.  16  and  36)  who  carefully  correlates  his  findings  with  those  of  numerous 
other  investigators,  points  out  that  during  the  postglacial  warm -dry  period  the  central  grass¬ 
lands  expanded  quite  far  eastward,  with  outliers  common  at  least  as  far  as  New  York  state. 
His  climatic-controls  maps  provide  an  explanation  for  grassland  origin  even  farther  to  the  east 
than  he  claims.  It  may  be  that  at  such  a  time  the  warm,  dry,  southwest  expo.surcs  and  other  dry 
sites  in  southern  New  England  had  a  natural  prairie  cover,  while  the  less  dry,  but  nevertheless 
warm,  sites  had  oak-hickory-chestnut  forc.st.  On  the  south  slopes  of  Hickory  Hill  atHarvard 
Forest,  ason  similar  sites,  some  of  the  present  grassy  forest  floor  may  represent  relict  prairie, 
which  became  establtsbcd  during  relative  drought  at  the  time  of  the  postglacial  temperature 
optimum,  as  Borchert  and  others  have  suggested.  The  giant  Lcdyard  oak  in  southern  Connecti¬ 
cut  may  have  been  u  hardy  pioneer  invader  of  such  a  natural  prairie. 

Or.  many  slope  sites  at  Harvard  Forest  a  great  number  of  species  are  in  vigorous  competi¬ 
tion.  This  is  to  be  expected  when  one  considers  that  these  long  slopes  leading  iTom  ridgecops 
with  a  scmimarinc  climate  to  valley  floors  with  a  very  extreme  climate  extend  through  almost 
the  entire  range  of  local  macroclimates  and  include  innumerable  variations  of  microclimates 
as  well.  Facing  the  sun  and  intercepting  the  sun's  rays  at  a  very  high  angle  of  incidence,  par¬ 
ticularly  during  the  growing  season,  these  warm  slopes  nevertheless  have  sufficient  locnl  varia¬ 
tion  in  steepness  and  soil  type  and  moisture  conditions  to  offer  a  great  variety  of  sites,  well 
suited  to  many  kinds  of  silvicultural  experiment.  One  may  surmise  that  on  some  south  slopes 
where  hickory  is  .not  now  represented,  .such  as  the  south  slopes  of  Prospect  Hill  and  Little 
Prospect  Hill,  iv  might  be  possible  to  establish  oak-hickory  stands,  associated  with  numerous 


tranNitipn  iiardwoodn  in  ni^ny’  plACcs,  and  wicii  northern  hardwocKiN  near  tiic  haACi?  of  the  Hiope.H. 
White  pine  might  Iht  imergrorped  on  arenx  of  lighter  Koii. 

6.  Factors  Influencing  Continuity  or  Change  in  I'orest  Composition, 

Preceding  discusaion  Kah  emphasized  that  many  of  the  niost  vigorous  young  atands  at 
Harvard  I'orest  arc  those  bearing  a  close  resemblance  to  the  pre-colonial  forest  types  nrhich 
grew  on  the  same  sites,  except  where  coppice  types,  such  as  red  n\aplc  in  wet  swales,  arc 
dominant.  Altitough  temperature  differences  account  for  important  differences  in  forest  type 
from  place  to  place,  many  species  have  a  remarkable  local  range  of  temperature  tolerance, 
and  their  diatribution  is  influenced  more  directly  by  differences  in  ground- water  conditions 
and  soil  type  than  by  temperature  differences  (Coilc,  1938,  p.  1062  ff;  Wilde,  1946,  p.  66  fQ, 
As  has  bcL'n  seen,  the  distinctly  different  forest-types  are  few  in  number;  but  slight  local 
differences  in  site  quality  or  history  may  result  in  a  type  having  a  higher  proportion  of  one 
species  in  some  places  and  a  higher  proportion  of  another  species  at  other  places.  It  is  reason¬ 
able  to  expect  that  over  a  period  of  time  every  site  can  l^e  made  to  produce  as  great  a  variety 
of  lumber  trees  as  grew  on  the  site  in  pre-colonial  tintes  and  tliai  by  careful  silviculture  the 
quality  of  the  trees  can  be  made  considerably  higher  than  in  untended  stands. 

In  deciding  what  stand  composition  to  favor,  the  forester  must  consider  the  relatively  lon^’ 
life  span  of  certain  species,  such  as  white  pine,  hemlock,  and  beech;  and  he  must  also  anticipate 
that  on  each  site  the  various  species  may  come  to  maturity  and  dominance  in  waves.  Also,  die 
forester  must  anticipate  that  in  every  century  at  least  one  abnormal  natural  occurrence,  such 
as  strong  wind,  widespread  fire,  or  prolonged  drought,  #ill  be  sufficiently  severe  to  have  c 
profound  effect  upon  the  forest  succession.  Were  there  no  unusual  occurrcmccs  in  nature  the 
replacement  within  stands  would  be  relatively  constant  on  a  trce-hy-trcc  basis.  It  is  not  un¬ 
reasonable  to  assume  that  the  unusual  occurrences,  together  with  cyclic  trends,  cause  a  certain 
amount  of  oscillation.  Therefore,  one  may  conclude  that  even  tiiough  white  pine,  for  example, 
apparently  was  rare  in  the  Harvard  Forest  area  in  tiic  late  pre -colonial  and  colonial  periods, 
it  may  have  been  more  abundant  just  a  few  centuries  earlier.  So  also  with  other  species  at 
other  times. 

Quite  another  factor  which  will  be  of  increasing  importance  is  the  artificial  or  hastened 
improvement  of  species  by  plant  geneticists,  These  efforts  involve  crossing  of  sersms  from 
widely  separated  regions.  It  might  also  be  desirable  to  cross  local  atratns  growing  in  greatly 
contrasted  sites  which  have  extreme  differences  in  temperature  pattern,  in  soil  fertility  and 
structure,  and  in  water  supply  and  drainage. 

The  forests  of  New  England  grow  somewhat  more  slowly  than  those  farther  south,  but  when 
carefully  handled  produce  lumber  of  excellent  quality  and  high  sale  value.  The  temperature  and 
ocher  natural  factors  are  favorable  to  the  growth  of  many  valuable  species,  but  nevertheless, 
impose  ceruin  limitations  and  local  differantiations.  In  this  region,  w.Sere  wages  are  high,  it 
ia  questionable  in  many  cases  whether  intensive  plantation  forestry  will  pay  its  way.  On  many 
aitea  the  natural  growth  displays  such  vigor,  and  is  evidently  benefiting  by  such  remarkably 
good  adaptation  to  local  environmental  factors,  that  a  less  intensive  type  of  forestry  practice, 
aimed  at  establishing  and  improving  the  natural,  usually  mixed,  stands  of  the  native  species 
appears  to  be  more  desirable  than  plantation  forestry  (Lutz  and  Cline,  1947,  p.  21  and  27). 

7.  Effect  of  Local  Tejnperature  Differences  upon  Glacial  Wastage  and  Postglacial  Afforestation. 

The  greater  severity  of  minimum  temperatures  occurring  in  valleys,  and  the  lower  mean 
temperatures  occurring  there,  suggest  that  glacial  and  periglacial  climates  may  have  sec  in 
earlier  and  lasted  longer  in  such  locations  than  on  the  roiling  uplands.  Durir^  the  periods  of 
ice  wastage  this  would  have  favored  the  continued  existence  of  ice  in  the  valleys  long  after  the 
uplands  were  clear.  Vegetation  mig.ht  have  become  cstabl'shed  on  the  slopes  and  ridges  while 
vast  quantities  of  ice  remained,  often  i:>urii£d  under,  and  flanked  by,  huge  quantities  of  glacio- 
fluvial  deposits  in  the  valleys.  Under  such  circumstances  coniferous  forests  probably  would 
have  preceded  hardwoods,  except  on  sun-drenched  slopes  (C.  P.  Brooks,  1949,  p.  296),  When 
the  climate  moderated,  because  of  general,  widespread  influences,  and  locally  because  of  ice 
wsNtsge,  the  coniferous  forests  may  slowJy  have  been  supplanted  by  hardwoods,  except  on 
exposed  summits  where  strong  wind  caused  excessive  evaporation,  or  in  areas  where  soil  wai> 
of  light  texture,  or  in  valleys  and  hollows  where  some  sites  were  deeply  shaded  and  where  drain- 
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•8*  •••  poor.  Ill  generaJ,  the  h*rdwoodii  probably  became  dominani  on  tlioiie  aitea  where  few, 
if  iny,  factora  were  unfavorable,  while  conifern  held  their  ground  wherever  one  or  more  factor* 
were  decidedly  unfavorable  for  hai  fwoodw. 

C.  E.  P.  Brooka  (ibid)''  tiniacca  that  during  the  poatglacial  optimum  the  mean  temperature* 
were  perhapa  S**  higher  uian  at  preaent.  It  ha*  been  ahown  that  in  Harvard  Forest  the  mean 
temperaturea  of  warfneat  and  coldest  station*  differ  by  at  Jeaat  this  amount.  Local  difference* 
from  place  to  place  today  may  be  aa  great  as  the  difference*  between  the  cooleat  and  warmeac 
periods  which  occurred  between  early  postglacial  time  and  the  preaent.  The  differir^  forest 
types  now  preaent  at  Harvard  Forest  probably  include  most  types  which  were  dominant  in  this 
region  at  one  time  or  another  in  the  long  succession  of  minor  climatic  chatiges  which  have 
occurred  since  the  last  glaciation.  Today,  although  hickory  thrives  on  the  warmest,  well-drained 
site*,  the  spruce  forests  make  their  last  stand  in  the  cold,  wet  basins  and  valleys. 

On  many  sites,  as  has  been  stated,  temperature  conditions  favor  many  specie*,  and  it  is 
chiefly  the  soil  and  ground-water  condition*  that  encourage  some  species  at  the  expense  of 
others.  Indirectly,  however,  these  soil  and  drainage  conditions  are  a  result  of  total  temperature 
differences  which  prevailed  during  lottg-paat  periods,  particularly  during  periods  of  glacial 
and  postglacial  erosion  and  deposition.  It  is  worth  emphasis  that  the  nature  of  these  glacial 
and  postglacial  processes  was  controlled  not  alone  by  climatic  cycles  affecting  a  large  portion 
of  the  earth  simultaneously,  but  by  the  local,  small-scale,  climatic  differences  evident  every¬ 
where  as  a  consequence  of  topographic  diversity.  These  local  climatic  differences  must  have 
been  particularly  significant  during  periods  of  ice  wastage.  Although  local  climatic  relation¬ 
ships  between  ice-free  ridges  and  ice-filled  valleys  were  no  doubt  complex,  the  chief  climatic 
factor  causing  different  rates  of  ice  wastage  on  uplands  and  in  valleys  was  quite  probably  dif- 
^*t'ences  in  temperature.  As  ha*  been  seen,  the  differing  patterns  of  upland  soils  and  lowland 
•oil*  are  a  reflection  in  large  measure  of  differing  manner*  of  origin  during  glacial  and  post¬ 
glacial  periods;  then,  as  previously  and  since,  the  differing  physiographic  processes  takir^ 
place  on  uplands  and  in  lowlands  were  in  large  part  consequent  upon  differences  in  temperature. 

In  summary,  it  may  be  said  that  (l) present-day  local  temperature  differences  are  of  some 
direct  significance  in  influencing  forest-type  distribution,  (2)  in  the  early  postglacial  period  the 
local  temperature  differences  probably  had  a  direct  influence  upon  the  manner  of  original 
establishment  of  the  various  forest  types,  and  (3)  during  earlier  periods  the  local  temperature 
differences  affected  physiographic  agents  and  processes  greatly;  through  these  agents  and  pro¬ 
cesses  the  temperature  differences  were  a  principal  determinant  of  soil  patterns  and  ground- 
water  relationships  which  persist  today,  and  which  influence  the  present  forest-type  distribution 
even  more  than  do  the  present-day  temperature  differences.  Thus  it  is  seen,  not  only  that  pres¬ 
ent-day  local  temperature  differences  have  a  significant  direct  influence  upon  the  present-day 
forest  pattern,  but  that  local  tc.mperature  differences  which  obtained  in  ages  past  had  an  even 
greater,  if  indirect,  influence  upo.i  chat  pattern. 
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APranuiX  A.  ClkPARATXVE  DATA  FRli^  kI’/E  fiARVARD  FCFEST 
STATIONS  AMD  ^J£VEU  OTKER  NKl  EHGUND  STATIC^^S 


WEATHER  BUmU  STATIONS 


Mrot  Conn,  Lake,  N.  H.  L 
St,  JohnBbury,  Vt.  J 

Ccmcord,  H.  H,  C 

Pitta field,  Maoo.  P 

Springfield,  ’  Mass .  S 

Hartford,  Conn.  H 

Amherst,  Mass.  A 

Keene,  N.  H«  K 

Worcester,  Mase,  W 

Boston,  Maos,  3 

Motint  Carmel,  Conn,  U 

Mean  of  11  W.  B.  Stations 

HARVARD  FOREST  STATIONS 
Prospect  Hill  PH 

Harvard  Forest  Hdqtro.  HF 

Harvard  Hill  HH 

Tati  Swamp  TS 

White  Pine  Dottoms  WPD 


MEAN  lYwlLY  TEMF^RATUI^ 


1947 

1948 

A 

3 

0 

N 

D 

J 

F 

M 

A 

M 

J 

J 

65.4 

54.2 

48.6 

27.8 

10 

.8 

6.3 

5.5 

19.9 

36.4 

46.2 

55.8 

62,6 

71.0 

60.5 

54.0 

33.0 

16 

.8 

13.8 

U.6 

29.0 

44.4 

52.6 

62.0 

69.0 

70.3 

59.6 

55.2 

34.6 

21 

*4 

14.1 

16.4 

31.0 

43.8 

52.8 

61,6 

70.0 

68.7 

59.4 

53.8 

34.0 

21 

.8 

15.0 

I8.3 

31.1 

43.6 

53.0 

61.9 

67.8 

74.4 

65.4 

60,6 

40.6 

28 

.9 

22.2 

25.2 

38.8 

50.0 

59.4 

67.2 

74.8 

73.2 

63.7 

57.8 

39.8 

27 

.8 

20.0 

23.2 

36,3 

47.8 

57.4 

65.9 

73.4 

73.2 

62,9 

57.4 

33. 0 

25 

Ji 

m  U 

18.0 

21.4 

34.9 

47.2 

57.3 

64.4 

72.4 

72.0 

61.9 

55.4 

35.6 

22 

.9 

16.4 

19.8 

33.7 

46.8 

56.0 

63. b 

70.0 

70.8 

61.2 

57.0 

37.0 

26 

.0 

18.6 

22.4 

35.6 

45.9 

54.7 

62.2 

71.0 

73.2 

64.8 

61.6 

41.2 

30 

.4 

23.4 

26.6 

38.0 

43.0 

55.0 

63.6 

74.5 

70.1 

61.0 

54.0 

37.0 

26 

.3 

18,2 

22.0 

34.6 

45.1 

54.1 

62,8 

71,0 

71.1 

61.3 

56,0 

36.2 

23. 

.5 

16.9 

19.6 

33.0 

45.4 

54.4 

62.8 

70.6 

- - No  Record -  16  21  34  44  53  62  6^ 

68.9  60,0  57.7  35.1  22.9  16.3  20.0  33-0  46.0  55.0  63.2  71.3 


73 

63 

59 

36 

24 

18 

22 

34 

46 

54 

63 

70 

60 

59 

52 

33 

21 

13 

]8 

31 

43 

54 

61 

66 

-No  Record— 

-  U 

17 

29 

44 

53 

60 

66 

nSPARTURE  OF  MEAN  DAILY  TEMPERATURE  FRCM  NORMAL 


1947  1948 

asondjfi/a 


M  J  J 


WEATHER  BUREAU  STATIONS 


First  Conn.  Lake,  N,  H.  L 


St.  Johnsbury,  Vt.  J  + 

Concord,  N,  H,  C 

Pittsfield,  Kass.  P 

Springfield,  Mnss.  S  ♦ 

Hartford,  Conn.  H  * 

Amherst,  Mass.  A 

Keene,  K,  H,  K 

Worcester,  Mass.  W  > 

Boston,  Mass.  B 

Mount  Carmel,  Conn.  M 


4.3  ♦O.A  ♦5.9  -2.4  -5.8  -5.0 
5.0  +1.7  +6,6  -1.2  -4.3  -2.4 

4.3  +1.6  +7.4  -O.B  -2.6  -4.9 

3.4  +-2.0  +7.0  -2.0  -3.1  -6.7 
3.0  +1.6  +6.7  -1.6  -1.9  -5.3 

4.3  +2,0  +6.6  +0.3  -2..0  -5.5 

4.9  +2.5  +7.1  -0.7  -1.8  -5.8 
5.7  +2.5  +6.8  -1.1  -1.9  -4.7 

1.9  -0,8  +5.6  -2.7  -2.7  -6.8 

3.3  +1.6  +3.0  -0.8  -2.1  -4.5 
NR  NR  NR  -2,9  NR  -7.4 


-6.1 

-2 

.1 

+1 

.3 

-2.3 

-2.2 

+0,9 

“2.7 

+0 

.4 

+2 

.3 

-4.6 

-2.0 

+0.8 

-3.9 

+1 

.9 

+2 

.2 

-0,1 

-0.1 

+2.6 

"3.1 

+1 

.2 

+2 

.7 

-1.5 

-1.2 

+0.3 

-2.3 

+1 

.8 

+1 

.5 

+0.3 

-0.9 

+1.7 

-4.0 

+1 

.3 

+1 

.1 

-0.1 

-1.2 

+1.8 

-1.9 

+1 

.4 

+2 

.3 

+0.3 

-1.0 

+2*6 

-1.3 

+1 

.7 

+3 

.1 

+0.7 

+0.2 

+1.2 

-2.7 

♦0 

,8 

+0 

.4 

-2.7 

-4.0 

—0.1 

“2.2 

+2. 

.4 

+1, 

.6 

-2.1 

-2.9 

+2.8 

-4.9 

+1 1 

.5 

+1, 

.1 

-1.0 

NR 

+0.9 

HARVARD  FOREST  STATIONS 
(No  data  available) 


A-1 
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ADorMn-TT  *.  na/PABATTYS  DATA  >11®  KIVE  flAHVARD  FCHEST 
STATIONS  InD  Ot'NER  NEW  BK1U.ND  STAHOm  (CONT’O) 


MEAN  DAILY  TEHTPERATUHEt  DEVIATICT  FROM  OF  n  WEATIIKfl 


I9I47 

A  S 


19l<8 

0  H  0  J  I*' 


A  U 


J 


J 


WEATHER  BUREAU  STATIOHS 
First  boon,  take,  H.'  ff.  L 


St.  Jc^iKbury,  Vt.  J 

Concord,  N.  H.  C 

Pittsfield,  Mas®.  P 

ijpringflsld,  Msss.  S 

Hartford,  Conn.  H 

Amherst,  Mass.  A 

Keene,  N.  H.  K 

Worcester,  Mass.  W 

Boston,  Ms^s.  U 

Mwnt  Carmel,  Conn.  U 


Mean  of  11  W.  B»  Stations 


-5.7 

-7.1 

-7.I4 

-8.1j 

'0.1 

-0.8 

-2.0 

-3-2 

-0.8 

-0.8 

-1,6 

-2.I4 

-1.9 

-2.2 

-2.2 

*3.3 

-♦ij.i 

♦t.  6 

*6.14 

*2.1 

*2.14 

*1,8 

*3»  6 

♦2.1 

♦1.6 

♦l.h 

♦1,8 

*0.9 

*0.6 

—0.6 

-0.6 

-0.3 

-0.1 

*1.0 

*0.8 

*2.1 

*3.5 

*5.6 

*5,0 

-1.0 

-0.3 

-2.0 

•sO.8 

71.1 

61.3 

56.0 

36.2 

-12.7  -10.6  -llj.l  -13.1 

-  6.7  -  3.1  -  5-0  - 

-  2.1  -  2.8  -  3.2  -  2.0 

-  1.7  -  1.9  -  1.3  -  1.9 

«•  5).ii  ♦  5.3  ♦  S»6  5.8 

*  14.3  ♦  3.1  «■  3.6  «•  3.3 

♦  2.1  1.1  ♦  1.8  ♦  1.9 

-  0.6  -  0.5  ♦  0.2  ♦  0.7 

«•  2.5  «•  1.7  ♦  2.8  *  2,6 

6,9  *  6.5  ■*  7*0  5.0 

2.8  ♦  1.3  2.I4  «■  1.6 

23.5  16.9  19.6  33.0 


-9.0  -6.2  -7.0  -6.0 
-1.0  -1.8  -0.8  -3.6 
-1.6  -1.6  -1.2  -0.6 
-1.8  -l.h  -0.9  •2. 8 
-►lj.6  *5.0  ■♦Ij.li  +ij.2 
-».2.b  •*•3.0  *3.1  *‘2.8 

■*1.8  ♦2.9  ■^'1.6  *-lv0 

*.l.b  ^1.6  ^1,0  -0.6 
♦0.5  ♦0.3  -0.6  ♦o.lj 
♦2.6  ♦0,6  *0.8  t-l*? 
-0,3  -0.3  0  *0.14 

b5.8  St.lj  62.8  70.6 


HARVARD  FOREST  STATICgiS 


S'r'Mpect  Hill  ^73 

Harvard  Forest  Hdqtrs.  HF 
Harvard  Hill  EH 

Toffl  SwEjBip  T3 

White  Pin®  Bottoms  fPB 


- No  Record- -  -  0,9  1.^ 

-2.2  -1.3’  ■*■1.7  “1.1  “  0.6  -  0.6  *  O.I4 

+1.9  -^l-?  *3*0  -0.2  «.  0.5  ♦  1.1  +  2.ii 

-3.1  -2.3  -I4.0  -3.2  -  2.5  -  3.9  -  1.6 

— - JJo  Record - 2.9  -  2.6 


1.0  -l.b  -l.lj  “0.8  “1.6 

0  *0.6  *0.6  ♦O.li  ■♦0.7 

1.0  *0 » 6  —0 .  ti  *0 « 2  —0  •  6 

2.0  -2.14  -O.I4  -1.8  -I4.6 

Ij.O  -I.I4  -l.ii  “2.8  -U6 


A^OLUTE  MAIIMUM  TEMPERATURE 


19147 


19140 


WEArriHI-DUREAU  STATlOIiS 
First  Conn.  Lake,  H.  H, 
St.  Johnsbury,  V. 
Concord,  N.  H, 
Pittsfield,  Mass. 
Springfield,  Maas. 
Hartford,  Conn. 

Amherst,  Mass. 

Keen®,  N.  H. 

Worcester,  Moss. 

Boston,  Maas. 

Mount  Carmel,  Conn. 

harvard  FCHEST  STATIC^S 
Proa  p>0C  t  Hill 


Harvard  Hill 

Tom  S'ffBznp 

White  Pine  Bottoms 


A 

S 

0 

N 

D 

L 

69 

63 

60 

66 

I4I 

J 

96 

89 

86 

66 

I45 

c 

98 

89 

89 

65 

50 

p 

92 

85 

82 

60 

5I4 

s 

97 

69 

87 

6I4 

56 

K 

95 

86 

85 

62 

56 

A 

95 

89 

06 

60 

52 

K 

96 

89 

85 

63 

I4B 

W 

96 

89 

06 

63 

57 

B 

99 

88 

89 

59 

60 

M 

91. 

67 

8I4 

62 

56 

PH 
,  HF 

96 

86 

Rocord— 

83 

60 

50 

HH 

98 

89 

85 

62 

50 

TS 

9I4 

88 

86 

63 

52 

WPB 

- - 

— -^lo 

Record— 

J 

F 

u 

A 

M 

J 

J 

30 

h5 

59 

614 

78 

86 

85 

37 

50 

65 

71 

83 

93 

92 

38 

52 

68 

76 

82 

92 

93 

35 

I49 

65 

72 

82 

87 

90 

83 

53 

73 

71 

83 

9I4 

93 

85 

53 

75 

71 

85 

92 

93 

39 

50 

69 

73 

81 

93 

9I4 

38 

50 

70 

7I4 

83 

93 

93 

I42 

51 

70 

72 

8I4 

93 

92 

I45 

514 

72 

7I4 

83 

92 

96 

I45 

51 

73 

71 

8I4 

92 

9I4 

3I4 

I47 

66 

69 

78 

89 

87 

38 

50 

66 

71 

81 

88 

89 

37 

51 

66 

71 

83 

90 

92 

39 

52 

68 

73 

61 

92 

91 

35 

I48 

61 

69 

80 

83 

8I4 

A-2 
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Ai  I  ivtiui-A  A«  «.«vr  r  niwi%^  i  r  unin  rhvyjs:  rx  ro  (i/uvvnni/  twivta^i 

STATIOflS  ,VW  KlJi'mi  0!HE!l  Nb'.'i  miMW  STATIDfJS  (CONT'D) 


MF^4  DAIir  UAUWJy  TI-l^PEHATURR 

19l|7  19ii8 

A  5-  0  D  J  F  iJ  A.  M  J  J 


WfcXTHMi  BUtlt-XU  3TATI0H3 


Firat  Conn.  Lake,  Fr,~lT. 

1. 

78.2 

66. 

2 

62 

•  3 

36.3 

20.6  17.8 

23.2 

36,3  37.9 

56.3 

67.9 

73.9 

St.  Johnobury,  Vt. 

J 

83.6 

73. 

6 

70 

.0 

32.3 

26.3 

25.0 

29.1 

33.5  57.1 

63.3 

73.7 

82.8 

C  one  ord ,  K .  H . 

C 

03.3 

73. 

7 

72 

.1 

33.3 

32.1 

25.5 

31.5 

33. S  56.8 

62.3 

73.7 

83.7 

Pittsfield,  Maas. 

P 

79.  !j 

71. 

2 

67 

.6 

31.8 

30.0 

23.7 

30.0 

32.5  63.8 

62,3 

73.3 

79.6 

Springfield,  Masa, 

s 

05.3 

76.3 

73 

.9 

39.0 

37.3 

31.3 

36.6 

39.6  61.1 

69.8 

78.9 

86.8 

Hartford,  Conn. 

H 

03-7 

76. 

0 

71 

.5 

38.3 

36.7 

29.5 

33.6  37.1  60.9 

67.0 

76.3 

33.6 

Anshorot,  Masa, 

A 

83.6 

73. 

9 

71 

.V 

36.1 

33.3 

27.1 

32,2 

36,2  56.6 

67.0 

73.7 

83.5 

Keene,  N.  H. 

K 

83.2 

73. 

1 

71 

.2 

33.2 

32.1 

26.6  32.2 

36.5  59.2 

66.1 

76.0 

83.5 

Worcester,  Meas. 

W 

82.2 

72. 

6 

70 

.7 

36.6 

35.6 

28.5 

32.9 

37.1  57.3 

63*9 

71.6 

82.1 

Boston,  Haaa, 

B 

Si.  5 

73. 

3 

71. 

.5 

37.7 

37.9 

30.3 

33.0 

37.1  S6.5 

62.1 

71.8 

83.9 

Mount  Carmel,  Conn. 

U 

82.1 

73. 

6 

69 

.2 

37.3 

36.3 

29,0 

33.3 

36.7  57,5 

65.1 

75.8 

86.3 

Mean  of  11  W.  D.  Stations 

82,.  7 

73. 

3 

70. 

.2 

33.9 

32.7 

26.8 

31.8 

35.1  56.9 

63.5 

73.1 

83.0 

HARVARD  FtTRliST  STATI0fJ3 


J’roepoct  Hill 

PH 

— 

- -He 

,  Record- 

23 

29 

33 

53 

62 

71 

79 

Harvard  Forest  Hdqtrs, 

HF' 

81.3 

72.2 

69.8  33. 

6  32.5 

26.1 

31.0 

33.3 

57.3 

63 

}  73.: 

)  83- 

Harvard  Hill 

HH 

05 

73 

71  33 

32 

26 

32 

35 

56 

63 

75 

82 

Tom  Swamp 

T3 

03 

73 

70  33 

33 

27 

32 

35 

57 

66 

75 

81 

White  Pine  BottOTOS 

WPB 

- He 

t  Record- 

— 

25 

28 

30 

55 

63 

70 

76 

«FXN'  JAAXB'UUi  DEVIATION  FROM  MEAD  OF  11  WEATHER  BURE*\U  STATIdFS 


19V,  19lj0 

ADONDJFaAMJJ 


WEAT.ihU  la/HUU  DTATiaiS 


Flrwt  Conn  Inke,  N. 

'Tr~L 

-3.5 

-7.1 

-7.8 

-8.5  -1^1  -9.0 

-8.6 

-8.8 

-9.0 

-8.0 

-6.2 

1 

St.  Johnabuiy,  VI. 

j 

♦1.9 

♦1.2 

-0.2 

-±t:UzU 

“^2 

-M 

+0.2 

-1.0 

+0.6 

-0.2 

Concord,  H.  il. 

c 

+0.5 

+0.  B 

+1.9 

-o.:J 

-0.1 

-2.0 

-0.3 

+0.7 

Pittsfield,  Mas,-). 

p 

-3.3 

-2.1 

-2.6 

-3.0  -  2.7  -3.1 

-1.8 

-2.7 

-2.1 

-2.0 

-0,8 

-3.3 

Sprlncfleld,  Maso. 

s 

+2.7 

•^3-1 

♦  3.7 

+1)  .2  +  3.6  +3.6 

♦3.7 

+3,3 

+3.2 

♦5.5 

+3.8  +3.8 

Hartford,  Conn. 

H 

+1.0 

+1.7 

+1.3 

+3.5  ♦  3*0  +2.7 

+1.3 

+1.9 

+2.0 

+2.7 

+2.2 

*1. 6 

Amtierst,  Waas, 

A 

+1.8 

+1.6 

*1.5 

*1.3  *  1-6  +0.3 

+0.3 

*1.0 

*1. 6 

*2.7 

+0.6  *1.5 

Keene,  N.  ii. 

K 

+1.6 

+1.3 

*1.0 

-0. 6  —  0.6  —0.2 

♦0.3 

*1.3 

*2.3 

*1.8  *1.9 

♦0.3 

Worcester,  Ums. 

W 

-0.6 

-0.7 

♦0.5 

+0.3  +  2.8  +1.7 

+1.1 

♦1.9 

+0.3 

+0. 6 

-2.5 

-0.9 

Boston,  Maas. 

B 

-0.9 

+0.1 

*1.3 

+2.5  ♦  52  *3.5 

♦3.0 

+1.9 

-0.3 

-2.2 

-2.3 

+0.9 

Mount  Canael,  Conn. 

M 

-0.6 

+0.3 

-1.0 

♦2.6+  3.6  +2.2 

+2.5 

+1.5 

+0.  6 

+1.8 

+1.7 

♦3.3 

Mean  of  11  W.  B,  Stations 

82.7 

73.3 

70,2 

33.5  32.7  26.3 

31.8 

35.2 

56.9 

63.3  73.1  83.0 

ilARVARD  FatEST  STATIONS 
Prospect  Hill  PH 

Harvard  Forest  Hdqtre.  HF 

—1 . 3 

- No  Record - ^2.3 

-1.1  -0.3  -1.2  -0.2  -0.7 

-2.3 

0 

-2.2 

-0.9 

-2.9 

♦0.3 

-2.3  -3.1 
0  +0.2 

-3.0 

0 

Harvard  Hill 

m 

+2.3 

♦0.7 

♦0.8 

— 0*8  —0*7  “0*8 

-0.2 

-0.2 

-0.9 

-0,3 

+0.9 

-1.0 

Tom  Swamp 

TS 

+0.3 

♦0.7 

-0.2 

■*^•6  +1#.3 

-0.2 

-0.2 

+0.1 

+1.7 

+0.9 

-2.0 

White  Pino  Bottoms 

WPD 

- - Nc 

1  Record - 1,8 

-3.8 

-5.2 

-1.9 

-1,3 

-3.1 

-7.0 

ATPEfJUIX  k.  CCWPARATIVE  DATA  FIVE  HMiVARD  KOi'tEST 

STATIONS  AMD  ELEVSi  OTHEfi  N’EW  ENQIAND  STATiaiS  (COOT'D) 


MEAi;  DAILY  MINU'Dl.!  TFAiPERArJRE 


I9I47  I9I48 

A  S  0  N  D  J  F  k  A  M  .!  J 


yfEATFiER  BUIiKAU.  3TATI  CMS 
i-'irst  tonn.  Lake,  M.  ir.  L 


St.  Johnabury,  Vt.  J 

Concord,  N.  H.  C 

Pittsfield,  toss.  P 

Sprinfjfield,  Mass.  S 

Hartford,  Conn.  H 

Aoberst,  Uasa.  A 

Keene,  N.  H.  K 

Worcester,,  Maas.  W 

Boston,  Uass.  B 

Mount  Carxel,  Conn.  M 


Mean  of  11  W.  B.  Stationa 


52.5  I42.2 

3I4.9 

19.3 

1.1 

-5.2 

57.5  I46.5 

38.1 

23.7 

7.3 

2.5 

57.3  I45.5 

38.2 

214.7 

10.8 

2.14 

56.0  ii7.? 

I4O.I 

26.3 

13.5 

6.14 

f.1  c  Cl,  e 

I47.3 

32.1 

20.5 

13.1 

62.7  52. ij 

I4I4.2 

31.2 

19.0 

10. 5 

61.6  50.9 

1)3.2 

29.8 

16.8 

8.6 

59.7  149.1 

39.6 

27.1 

13.7 

6.3 

59.14  1)9.9 

I13.2 

28.3 

16. 6 

8.8 

61j.5  56.1 

51.6  31). 7 

23.0 

16.  li 

58.1  148.14 

38.7 

26.6  16.3 

7.1) 

59.6  I49.I4 

I4I-.7 

27.6 

114.14 

7.0 

-12.2 

3.1) 

2ij.  6 

36.0 

83.6 

50.3 

0.2 

II4.6  31.8 

I4I.8 

89.8 

55.1 

1.2 

17.3 

30.8 

83.2 

89.8 

56.2 

6.6 

19.7 

32.1) 

83.7 

50.5 

56.1 

11).  9 

28.1 

38.9 

89.1 

55. 6 

62,7 

12,8 

25.5 

36.8  I47.8 

55.6 

62.2 

10,6  23.6 

35.8 

87.6  58,1 

60.2 

7.I4 

20.9 

314.3 

85.8 

51.6  57.6 

12.0 

214,2 

3l).5 

88.5  52.9 

59.9 

18-3 

28.9 

39. 14 

87.8 

55.5 

65.1 

9.8 

22.5 

32.7 

82.1 

89.7 

55.6 

7.1) 

20.8 

33.8 

88.5 

51.6 

53.3 

HAflVARD  FCTIEST  STATIOiS 
Prospect  Hill  i’H 

Harvard  Forest  Hdqtrs.  HF 
Hervard  Hill 
Tom  Swan?) 

^ifhite  Pine  Bottoms 


-ilo  Record- 


56.h  147.-8  li5.6  26c6  13-3 


9  _ 

6.  u 


13 

8.2 


HH 

a 

If*- 

\.n 
^  1 

nn 

16 

9 

13 

TS 

58 

88 

33 

22 

08 

-1 

3 

\?PB 

-4io  Record- 

—  > 

6 

28 

35 

88 

52 

59 

21. < 

S  38.7 

85.6  52.1 

59.6 

28 

35 

85 

51 

56 

16 

29 

81 

87 

51 

18 

32 

83 

89 

55 

MEAI^  MI^al^UM:  DEVIAnOM  FROM  ITJUJ  0?  11  mVTHER  BUREAU  STATIONS 


1987 

1983 

A 

0 

H  D 

J 

F 

M 

A 

M 

J 

J 

WFUlTHEIi  BUREAU  STATIONS 

First  Conn.  L^e,  N.  H 

7  L 

-7-5 

-7.2 

-6.8 

-e.3-13.3'"12.2 

L9.6-17.8 

-9.0 

-8.5 

-8. 0 

-8.0 

St.  Johnsbury,  Vt. 

J 

-2.5 

-2.9 

-3.6 

-3.9  - 7  •  1 

- 

7.2 

-6,2 

-2.0 

-2.7 

-2.2 

-3.2 

Concord,  M.  H. 

C 

-2.7 

-3.9 

-3.5 

-2.9  -3.6 

-8 1 6 

- 

6.2 

-3.5 

-3,0 

-1.3 

-2.2 

-2.1 

Pittsfield,  Mass. 

P 

-2.0 

-1.7 

-3.6 

-1.3  -0.9 

-0.6 

- 

0.8 

-1.1 

-1.8 

-0.8 

-1.1 

-2.2 

Springfield,  Mass. 

S 

*■3.5 

+5.1 

«-5. 6 

+8.5  -6,1 

+6.1 

+ 

7.5 

+7.3 

+5.1 

+8. 6 

+I4.O 

+8-8 

Hartford,  Conn. 

H 

+2.7 

+3.0 

♦2.5 

+3. 6+8.6 

+3.5 

+ 

5.8 

+8.7 

+3.0 

+3.3 

+8*0 

+3.9 

Amherst,  Mass, 

A 

+1.8 

+1.5 

+1.5 

+2.2  +2.8 

+1.8 

+ 

3.2 

+2,0 

+2.0 

+3.1 

+2.5 

+1.9 

Kceno,  N.  H. 

K 

-0.3 

-0.3 

-2.1 

-0.5  -0.7 

-0.7 

Q 

+0.1 

+0,5 

+1.3 

0 

-0.7 

V/orcester,  Maas, 

W 

-0.6 

+0.5 

+1,5 

+0.7  +2,2 

+1.8 

+ 

8.6 

♦3.8 

+0.7 

0 

+1,3 

+1, 6 

Boston,  Maas. 

B 

+8.5 

+6.7 

+9.9 

+7 « 1  —6. 6 

+9.8 

+10.9 

4,8.1 

+5.6 

+3.3 

+3.9 

+6.8 

Mount  Carmel,  Conn. 

M 

-1.9 

-1.0 

-3.0 

—1.0  +1.9 

+0.8 

♦ 

2.8 

+1.7 

-1.1 

-2.8 

-1.9 

-2.7 

Mean  of  11  W.  B.  Stations 

59.6 

89.8 

81.7 

27.6  18.8 

7.0 

7.8 

20.8 

33.8 

88.5 

51.6 

58.3 

HARVARD  FOItEST  STATIONS 

Proopect  Hill 

"PH 

- 1 

?o  Record - 

*2.0 

•<h 

5.6 

+3.2 

+1.2 

-0.5 

+0. 8 

+0.7 

Harvard  Forest  Hdqtrs. 

EIF 

-3.2 

-1.6  +3.9 

-1.0  -1.1 

-0.6 

•+ 

0,8 

+0,8 

♦0.9 

4-1,1 

+0,5 

+1.3 

Harvard  Hill 

HH 

+1.0 

*2.6 

♦5.3 

+I.I4  +1.6 

+2.0 

5. 6 

+3.2 

+1.2 

+0.5 

—0. 6 

—0. 3 

Tom  Swajcp 

TS 

5.0 

-5-8 

-8.7 

-5.6  13.6 

-8.0 

- 

3.8 

-8.8 

-8.8 

-3.5 

-8-6 

-7.3 

White  Pine  Bottoms 

'WPB 

- ^^o  Record - 

-8.0 

- 

1.8 

-2.8 

-1.8 

-1.5 

-2.6 

-3,3 

A-lj 
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APPtKDIX  A.  CCliPAIUTI ’/£  DATA  raci'  FIVE  HARVARD  FORES'^ 
STATIONS  AI/D  rjliCVEN  OTiUiH  NETA  E?,'GU!;U  STATIONS  (CONT'U 


AliSCI  DTE  i!I  NIMUV  TFJ/fERATURS 


I9hl 

A  S  0  N  D 


A2ATHER  BUREAU  STATIONS 
pTratT  Conn.  Lake ,  Tl.  H. 
SU.  Johnabury,  Vt. 
COTicord,  N.  H. 
Pittsfield,  Mass. 
Springfield,  Vasa. 
Hartford,  Conn. 

Ajahorst,  Haas. 

Keeno,  N.  H. 

Worcester,  Vasa. 

Boa  ton,  Vaas. 

Mount  Cariaal,  Conn. 


1, 

38 

20 

16 

5 

-17 

t 

0 

ia 

22 

16 

0 

-13 

c 

h2 

a 

16 

16 

-12 

p 

h} 

2li 

23 

n 

-  1 

s 

52 

32 

20 

17 

7 

H 

50 

30 

26 

15 

-  1 

A 

hB 

29 

23 

15 

0 

K 

h3 

2h 

20 

12 

-  7 

W 

W 

21 

23 

12 

2 

B 

SU 

37 

38 

25 

12 

U 

he 

26 

20 

12 

3 

harvard  cCUEST  STATIONS 
Proa  pe  c  tlTflT”  PH 

Harvard  Foreat  Hdqtra.  HE’ 
Harvard  Hill  HH 

Tom  Swaap  TG 

White  Pine  Bottom  WP3 


lo 

he 

33 


■Ho  Record— 
27  2?  10 
30  16 
11  3 


23 
18 

-iio  Record 


1 

3 

-17 


19I48 


J 

F 

A 

‘A 

J 

J 

-30 

-ja. 

-32 

9 

25 

-31 

-31i 

15 

26 

u,:} 

-23 

-26 

-13 

16 

29 

lii 

he 

-16 

”19 

-  6 

20 

29 

bo 

he 

-18 

-18 

-  h 

2fi 

36 

b7 

52 

-16 

-  9 

-  h 

25 

32 

b7 

53 

-16 

-1C 

-lu 

23 

31 

bl 

52 

-1? 

-23 

-15 

20 

29 

30 

18 

-II4 

-II4 

_  c 

19 

29 

b2 

50 

-  3 

2 

1 

30 

h2 

hi 

53 

-16 

-11 

-11 

19 

26 

ho 

I4I4 

-lb 

-  6 

-  6 

20 

3b 

bl 

b8 

-19 

-13 

-15 

19 

28 

37 

b6 

-lb 

-10 

-  5 

23 

33 

38 

50 

-33 

-30 

-31 

12 

20 

31 

37 

-2b 

-25 

-22 

16 

2b 

3b 

bb 

r> 
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iff'tHDii  a  •  wmti  a&in;iKis  os  fuiiKi^  iso  hihikum  Tutm^hiiKS  itwiasT  iSU?  tHaoijcH  jULr  I’jlS 


4rvt  * 

rrvwrgwi  nAi«L>  ihm^l 


STATICW  WITH  THERMChlTiKS  IS  SHigTPiii  ArVBOIlKATE  rfElXLr  i'S'lOClS  iJiDISO 


STATION 

ELEV. 

IN  n. 

19U7i 

a 

1U0US7 

ir~is- 

25 

1 

SDTtHBEK 

2> 

ocToasi 

5"TT~7u 

27 

3 

KOVlJlKm 

Tcr'"Tjr-2L 

>3 

DKIX!®'. 

8  "l^~7r  «i 

FTwpaat  Hill 

1383 

Hsx . 

Hln. 

16 

69 

i^2 

6 

50  .  7 

i  > 

Svuf) 

1260 

Hu  > 

Hln. 

2  7 
1 

Tovn  aine  Swsip 

1125 

Ksx. 

Kir. 

9 

U7 

5 

it2 

-1 

69  .'fJ 
7  -2 

t-ocuil  Opaninj 

12C» 

Km  • 

Kin. 

11 

50 

10 

IjO 

6 

SO  .‘8 
6 

LaK«  Sxaap 

U2S 

Hu. 

Hln. 

-1 

Harru-d  Forest  Hq. 

ilOO 

Hu. 

Hln. 

96 

UO 

85  >5 
M  U> 

>6 

liJ 

fO 

lili 

62  M  61 
51  L6  3J. 

63 

27 

70  76  83 

27  22  30 

60 

23 

77 

25 

5>  US  liV 
29  19  17 

Ul 

10 

SO 

5 

3V 

3 

50  >J 

1 

Little  Proepect  Hill 

1300 

Hu. 

Hln . 

Northveit  Itidslope 

1210 

Hei*. 

Hln. 
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APPH^DIX  D 


RANK  OP  H-UIKUH-TEMPERATURE  STATIOP^S^  IN  SiELTERS 

Table  of  weekly  maximum  temperatures,  with  atatiorui  arranged  in  approxi¬ 
mate  order  from  warmest  to  coldest,  according  to  their  monthly  avora/^eQ  of 
weekly  maxinnim  temperatures,  compared  to  monthly  average  of  the  highest 
weekly  maximum  temperatures  recorded  each  week,  regardless  of  station.  Scale 
is  In  actual  F  degrees  (in  contrast  to  minimum- tempera lure  scales  in  Appendixes 
E  and  F  which  are  in  tenths  of  total  ranges).  Each  aeries  of  comparable 
readings  is  set  off  by  vertici'il  lines. 


rigure  106  shows  placement  of  aid.  stations  for  all  months  of  operation. 
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A^PPENDIX  E 


RANK  OF  MINmJ{4-TE^{PERATURE  STATIONS  IN  Si{ELT3l5 


Coaalsting  of  tables  of  weekly  miniinura  temperatures  for  stations 
vH.v/e  instnunonts  were  in  shelters. 

Stations  are  arranged  in  approximate  ord<3r  of  rank  from  least  cold 
to  oldest. 


bach  series  of  comparable  readings  is  sot  off  by  heavy  vortical 
xines . 


Scale  is  in  tenths  of  monthly  total  of  weekly  ranges  betwoen  least 
eoi.i  and  coldest  station.  Stations  in  rtink  1  are  least  cold;  stations 
rank  10  are  coldest. 


Example  (Placement  of  Big  Spruce  Swamp  for  July,  19't8;  Page  E— 13.) 


Weekly  range  between 
least  cold  and  coldest 
stations,  in  F  degrees 


Difference  in  F  degrees: 
Highest  weekly  minimum  mi.~ 
nu3  Big  Spruce  Swamp  minimum 


1st  week  14  8 
2nd  vfeok  9  2 
3rd  week  14  '  r'  5 
4th  week  li*  S 
5th  week  12  ^ 
Total  Z3  31 


Total  of  63^  10  (ranks)  =  6,3*^  per  rank. 


Total  of  31°  for  Big  Spruce  Swamp  places  it  near  bottom  of  5th  rank. 


Minor  adjustments  in  placement  made  upward  or  downward  for  reasons 
given  in  text,  Chapter  IV,  Section  6-  Figures  102  and  103  show  placement 
of  stations  for  all  months  of  operation. 


mu 


flflP  K  WliKVl 

A  V  .'■  k-^  1 

fe' 

iVPPS^DlX  F 


RANK  OF  NONSHKLTERED  KINIMUH-TEMPERATURE  STATIONS 


Tables  of  weekly  minimifi  teraporaturea  for  stations  wiier® 
instruinents  were  not  in  shelters.  Stations  are  arranged  In 
approximate  order  of  rank  from  least  cold  to  coldest. 

Scale  is  in  tenths  the  monthly  total  of  weekly  rang«^D 
between  least  cold  and  coldest  station.  Stations  in  rank  1  are 
least  cold;  stations  in  rank  10  aro  coldest. 


^bcaxnplQ  (Token  from  Fisher  Stand,  for  October,  1947;  Page  F-30 


Weekly  range  between 
least  cold  and  coldest 
station,  in  F  degrees 


Difference  in  F  degrees 
between  highest  weekly 
minlnnia  and  Fisher  Stand 
rainimua 


let  week 
2nd  week 
3rd  week 
4th  week 


9 

13 

le 

jLr 

57 


2 

6 

10 


Total  of  57*^  for  ten  ranks  equals  5.7°  per  rank. 

Total  of  27°  at  Fisher  Stand  places  it  near  bottom  of  5th  rank. 


Minor  adjustments  in  placor-’nt  made  upward  or  downward,  in 
soms  cases,  for  reasons  given  in  text.  Chapter  IV,  Section  6. 

Figures  104  and  105  show  placeioent  of  all  stations  for  all 
months  of  operation. 


Readings  for  Tom  Swamp  Bush  thermometer  (not  at  standard 
height)  have  been  added  at  bottom  of  rank  scale. 
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